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PREFACE 

r I iHE preaent volume forms Part I of an elementary 
-*• text-book on the somewhat ill-defined subject 
known as "Domestic Science." It is the outcome of 
the writer's long experience as teacher and examiner, 
and it is hoped that it will prove of some value to both 
teachers and students. The author's aim throughout 
htw been to emphasise the scientific rather than the 
domestic aspect of the subject, and to provide a course 
of training which shall be of service as an educational 
asset to the student rather than to compile a series of 
explanations of separate domestic phenomena, careful 
cramming of which may enable her to reach the pass 
standard of some given examination. 

The matters dealt with in Part I are largely those 
which are needed as groundwork in any elementary 
science course, and no attempt has been made to 
indicate every application of the bookwork to domestic 
affairs. Some have been left as suitable tests of the 
progress of the student, being included in the sets of 
questions to be found at the ends of the chapters; 
others will receive further and more extended treatment 
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in Part II. Special attention has been paid to those 
portions of the subject which experience has shown are , 
usually imperfectly grasped— perhaps on account of the 
difficulty of providing the student with ready examples 
of domestic application — and the theoretical side of the 
subject, e.g. the idea^ oi "energy" and of "molecular 
action", ia treated more fully than is usual in works of 
similar character. 

Parts I and II will provide sufficient material for 
a course of at least two years for pupils in secondary 
schools, and will be found to cover the requirements of 
many examinations, such as the Oxford Senior Local 
and those held under the auspices of the Board of 
Education at the various Domestic Training Centres. 

The author's thanks are due to Messrs J. and A. 
Churchill for permission to reproduce Figs. 20, 27, 79, 
and 95, and to Messrs MacmUlan and Co. for Pigs. 21 
and 87. For many valuable criticisms and useful 
suggestions, received from the General Editor of the 
series while the book was in the press, the writer 
tenders his grateful thanks. 

CHARLES W. HALE. 



Note. — The London County Council accepts no responsibility 
for the author's opinions Mid ooncluRions. 
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CHAPTER I 

MBASDBEMENT OF LENGTH 

1. Exact measurement is the foundation of science, 
hence our first concern will be to consider how measure- 
ments are usually stated, and to follow this by the 
desoriplion of some simple measuring instruments and 
how to use them. 

In speaking of any measurement we use two words 
— a name and a number. The name is that of some 
-Chosen meaeiu^ment with which the other measurement 
is compared, and is termed the " unit " measure. The 
number tells us how many times the actual measure- 
ment in question contains the unit measure. Let us 
suppose the measurement we wish to make is that of 
the length of the edge of a table. We may use as our 
unit of length that of a page of this book. By com- 
paring this length in some suitable manner with that 
of the table-edge, we may find that the table is eight 
times as long as the book. We express this by the 
statement that the edge of the table is eight page- 
lengths long. The unit measure ia here a "page- 
length", and the number "eight" is the number of 
times the length of the table-edge contains the unit. 
Should another table of the same length be required, 
however, it would greatly surprise a cabinet-maker to 
be asked for a table eight pf^e-lengths long. He 
would probably ask " How long is the page that you 
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meicft ?'"■ HihcB all twMJis' do not have pages of the 
same length. On the other hand, if asked to make 
a table 6 feet long, he would not make any demur. 

2. Units such as the foot, adopted by common 
consent, derive their utihty from the greater con- 
venience which arises from their general use. The 
chief units thus adopted are termed " Standard " 
units. In the British Isles the standard unit of length 
is the yard. At the Standards Office of the Board of 
Trade is kept a bar of bronze with a gold plug near 
each end. On each plug is engraved a fine transverse 
line. These lines are parallel to one another, and the 
legal yard is defined as " the distance between the 
centres of these Unes when the bar is at a temperature 
of 62° F," (The reason for mentionii^ the tempera- 
tare will be understood after reiiding Chapter vm.) 
Accurate copies of the standard are kept in all large 
towns, and by means of these the correctness of the 
yard-measures in actual use by tradesmen may be tested. 

3, It usually happens that, when the length of" 
an article is determined by measurement with a yard- 
measure, its length is not found to be an exact number 
of yards. Hence yard-measures, tapes, carpenter's 
rules, and other instruments for measuring length, 
have marks upon them which divide the measure into 
a definite number of equal parts. The parts of the 
yard in common use— the foot and the inch — are 
called " submultiples " of the yard. The separate 
inches are generally subdivided into halves, quarters, 
eighths, or even smaller fractions of an inch. For 
measuring lengths which are much greater than the 
yard, units containing a given number of yards, such 
as the furlong and mile, are used. These are termed 
" multiples " of the standard unit. 
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4. In dealing scientifically with any subject, sim- 
plicity is one of the most important points to keep in 
view. Hence for all scientific work, and in many 
countries for general use as well, a system of units 
has been adopted which does not involve much of the 
unnecessary labour, e.g. in memorising tables, and in ■ 
making lengthy calculations, required by the British 
system. This is the " Metric " or " Decimal " system, 
introduced in 1796 by the newly-born French Republic. 
It is based on the system of numeration in common 
use among civilised peoples, in .which the relative 
positions of the figures in a number indicate their 
respective values. Thus 5555 expresses the sum of 
5 thousands, 5 hundreds, 6 tens, and 5 ones, each 
5 having a distinct value dependent on its place. 
Fractions of the unit are shown by placing a dot after 
the figure in the unit's place in the number, e.g. 5'5 
denotes the sum of 5 vaita and 5 tenths of one unit. 
The standard of length chosen by the French Govern- 
ment was the Metre. This is defined as " the distance 
between the ends of a bar of platinum, preserved in 
the Court of Archives at Paris, when the bar is at the 
temperature of melting ice, i.e. 0° C." The metre is 
longer than the yard, being 3937. . . inches. The mul- 
tiples and submultiples of the metre are arranged in 
accordance with the decimal system so that each is 
exactly one-tenth of that next higher in value. Thus 
the table of metric measures of length is as follows : 

10 miUimetres (mm.) =1 centimetre. 

10 centimetres (cm.) = 1 decimetre, 

10 decimetres (dm.) =1 metbe. 

10 metres (m.) =1 decametre. 

10 decametres (Dm.) = 1 hectometre. 

10 hectometres (Hm.) =1 kilometre (Km.). 
1—2 
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The prefixes miUi-, cenii-, and dec*- are derived from 
the Latin, and are iised to signify fAnj) lic- A' '^" 
spectively, while deca-, kecto-, and fcito- are from the 
Greek, and imply 10, 100, 1000. 

5. Examination of the above table reveals two 
■ points in which it is superior to the British table. The 

name of one measure only has to be loarnt aad the names 
of the derived units are obtained by the addition of 
suitable prefixes to the name of the standard unit. One 
factor — 10 — is used throughout, whereas in the British 
table each new unit involves the memorising of a new 
factor, A further advantage of the Metric system 
which is not brought out by the consideration of a 
single table is that the same set of prefixes is used 
in other tables, thus further lessening the tax upon 
the memory. Other points of advantage will be 
pointed out aa they arise in later work. 

6. The value of a length expressed in terms of 
any one unit may readUy be found in terms of any 
other, all that is necessary being the removal of the 
decimal point a certain number of places to the left 
or right, as the case may be, t<^ether with the addition, 
in some cases, of a number of zeros. Thus, 3405 hecto- 
metres is evidently eq[uivalent to 0'3405 kilometres or 
to 340,500 millimetres. 

Exercises for SludenL 

1, Write down the nnrabet of oentimetree in (a) 48 -OZ kilometres; 
(6) 6-0103 metres; (c) 0-17 mm. 

2, Write down the number of kilometrea in (a) 870-6 milli- 
metree ; (6) 4670800 metrea. 

3, 1 metre = 39'37... inohea. How many yards are there 
in 10 kilometras 1 How many kilometres are approjimately 
equivalent to 62 miles T 
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7. For making measurementB of short lengths 
instruments caJled scales are used. These are flat 
pieces of steel or wood which have straight parallel 
edges, along which are marked graduations corre- 
sponding to certain of the smaller measures of length. 
Thus, in the scale of a part of which Fig. 1 is a diagram, 
the top ec^e is divided into inches hy the long marks 
numbered 1, 2, 3, 4, and these are further divided 
into halves and tenths of inches by the shorter lines. 
Along the lower edge is a scale of centimetres sub- 
divided into half-centimetres and millimetres. The 
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scale represented is made of wood, and it will be noticed 
that the last mark is not placed at the end of the 
scale. This is done to allow ready measurement to 
be made starting from the end mark, or "zero", 
even when the corners of the scale have been rounded 
ofi by rubbing while in use. With steel scales this 
precaution is less necessary, and the graduations on 
them frequently start at one end of the scale. 

For measuring cloth, a tape-measure is generally 
employed. This cannot be used for exact measure- 
ments, OB the material of which it is made readily 
stretches, or in damp weather, shrinks, and hence the 
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true length of a piece of cloth is not that recorded by 
the tape. This is of special importance where material 
has to be cut out to fit, as in the case of window-blinds. 
The writer knows of a case in which a large number 
of windows were carefully measured by a skilled work- 
man, and blinds made for them from his measurements. 
When these were delivered it was found, on fixing them 
up, that they were all about one inch too narrow. The 
blind-maker had used in measuring out the blind-stuff 
a 60-inch tape which was too short by If inches, while 
the workman had used a two-foot boxwood rule with 
a brasa-bound edge which waa, of course, a much more 
accurate instrument. 
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8. We will now show how to measure a short 
distance accurately by means of such a scale as that 
shown in Fig. 1. 

ExPBBiMEKT 1. With a finely-pointed pencil make 
two small dots a few inches apart on a sheet of white 
paper. Letter these dots A and B. 

Place the scale with the end mark on the inch 
scale at A (flee Fig. 2) and carefully adjust the edge 
of the scale (which should be thin) so that the point B 
just touches the edge as in the figure. In judging 
whether A is exactly opposite the last division of the 
scale, the eye should be placed vertically above the 
point A, and in reading off the measurement at B, 
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the eye must also be vertically over point B, In the 
figure it will be seen that B lieB between the 3rd 
and 4th inch marks, and also between the 7th and 
. Sth marks (counting from the figure 3) which divide 
the 4th inch into 10 equal parts. That is to say, 
the distance from A to B (or, as it is frequently 
termed, the distance AB) is between 3^ (3-7) and 
3^ (3'8) inches. Let us now imagine the distance 
between the 7th and Sth subdivisions to be further 
divided into 10 equal parts. Each of these imaginary 
parts would be -^ of ^, or ^^^ inch. Prom the 7th 
mark to where the point B touches the edge of the 
scale, w© should estimate to be about four of our imagi- 
nary jjf^ inch divisions. This amount must be added to 
3-^ inches. Hence the reading on the scale at B, and 
therefore the total distance from A to B, is 
Sy'fF + Th = h'i^ (3-74) mches. 

To verify this result a second determination of the 
distance from A to B should be made thus : place the 
scale so that the mark numbered " 1 " is at A, adjust 
till B is on the edge of the scale, take the reading on 
the scale at B, and subtract one inch from this reading. 
A third measurement should also be made by placing 
the zero of the scale at B, and reading off the measure- 
ment at A. 

Repeat the above measurements, using the edge of 
the scale divided into centimetres, estimating parts of 
a milhmetre by the method given for estimating a 
fraction of an inch less than ^ inch. 

Tabulate your results, and find the mean (or 
average) value for the length AB in inches by dividing 
the sum of the three measurements obtained by the 
number of measiu'ements made. Similarly find the 
mean value of the length of AB in centimetres. 
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As an interesting exercise, calculate, from the 
mean results obtained, the number of centimetres in 
one inch by dividing the length of AB in centimetres 
by ita length in inches, and vice versa, the number of 
inches in one centimetre. The degree of correctness 
of the results thus calculated will afford a measure of 
the accuracy with which the length AB has been 
determined. 

9. This simple experiment has been very fully 
described in order that the student may clearly under- 
stand how an experiment which is to yield satisfactory 
and accurate results is to be carried out. An account 
of what is done should be written out in a manuscript 
book, and the following is suggested aa a suitable 
method of entry : 

M. J0TTB8. 18 .7 . '14. 

Experiment I. 

Object. To measure the distance between two points 
In inches and in centimetres, and to find 

(a) the number of centimetres in an inch ; 
(6) the number of inches in a centimetre. 

Apparaiua. A boxwood scale, of which the method 
of graduation and the cross section are shown in the 
diagram. 

Method and Observations. Marked two small dote 
on the sheet of paper provided. Placed the end mark 
of the scale So that it coincided aa closely as possible 
with one dot and adjusted till the other dot was just 
touching the edge of the scale. Took the readings on 
the scale opposite each dot. 

Repeated this operation twice with the dots 
opposite different graduations on the scale. 
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Similsrly took readings, using the edge of the scale 
graduated in centimetres. 
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Method of QraduiitioD. CroBB section o( seals. 

Fig. 3. 

Estimated hundredths of an inch and tenths of a 
millimetre by ^e. The readings and results are given 
below. 



SH7 


^«r 


U^ 


000 in. 


3-74 in. 


374 ii 


3-75 in. 


000 b. 


3-76 ii 


100 in. 


4-74 in. 


3-74 i 


0-00 cm. 


0-50 om. 


0-50 


9 53 cm. 


00 om. 


9 63 


I'OO om. 


10-51 om 


9-6101 



BeavUs. Mean value of the length of AB in inches 

3-74 -1- 3-75 + 3-74 , _ . . , 
= s- = 3'74... mchea. 

Mean value of the length of AB in centimetres 

9-50 +9-53 + 9-51 „ „, ^. ^ 

= i — - — — = 9 51 ... centimetres. 

Hence the number of centimetres in one inch 
9-51 „ ^^ 
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and the number of inches in one centimetre 

10. The following points should be noted with 
respect to the suggested method of entry : 

(o) The object .of the experiment is placed first. 
To do an experiment merely because so directed in a 
text-book, or by a teacher, is of little service, and 
unless it is clearly seen with what object in view the 
given experiment is to be performed but little advantage 
is likely to accrue. To discover this object, it is best 
to refbd carefully through all the directions concerning 
the experiment, together with such parts of the imme- 
diate contest as refer to matters directly connected 
with it. 

(b) In describing apparatus, simple outline sketches 
are of the greatest value for two reasons : 

(1) The drawing of a simple sketch frequently 
saves the writing of a long wordy description, while 
at the same time giving a clearer idea of the actual 
apparatus than could be afforded by any verbal account, 
however full. 

(2) In attempting such sketches, the attention 
is focused more intently on the objects sketched than 
is the case when merely writing out a description, and 
this is of great service in fixing clearly in the mind 
the exact nature of the apparatus employed. 

The student is advised to make simple outline 
diagrams rather than pretty pictures. The extra time 
and labour involved in making the latter may be more 
profitably made use of in perfecting the execution of 
the experiment itself. Many of the dia^ams given in 
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this book are of Bimilar character to those suggested 
to be done hy the student. 

{c) The description of the experiment is heat written 
in the past tense. On no account should the wording 
of the text-book be slavishly followed, and it is 
sometimes of service to read through the directions 
in the text-book and then to perform the experiment 
from memory, writing out an account of it entirely 
in one's own words. Further reference to the text- 
book should only be made in order to guard against 
the omission of any important portion of the work. 

(d) Where a number of readings, or other observa- 
tions of similar character, are made, they should be 
tabidated as affording a readier means of comparison 
of any variations noted. 

(e) In stating numerical results, attention should 
always be paid to the accuracy with which measure- 
ments have been made, and no result shoidd be so 
stated as to suggest that a greater accuracy has been 
attained than that of the least acotirate measurement 
made. Thus, in the experiment as written out in 
paragraph 9, the mean result of the measurement of 
AB in inches is given as 3'74 inches, although the 
result of dividing the sum of the measurements by 
3give8 37433. . .. Here our measurements were made to 
the nearest hundredth of an inch, and hence our result 
must also be stated with that degree of eiccuracy. To 
say that the length of AB is 3743 inches would mean 
that it is not less than 3-7425 and less than 37436 
inches, i.e.. that the maximum error of measurement 
is 00006 in. and hence that the whole measurement is 
correct within jj^iT '^- ^® cannot by the imaided eye 
measure length with such accuracy as this. That AB 
is not less than 3735 inches and less than 3745 inches 
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(i.e. that our measurement 374 inches is correct to 3^ 
or 0*005 inch) is a more probable statement. 

Too much emphasis cannot be laid upon the 
importance of this point — that in aU experiments 
involving measurement, every care should be taken 
in the statement of results that fuU regard ia paid to 
the d^ree of accuracy of measurement of that quantity 
which is least susceptible of accurate estimation. 

Where a measurement made is of less magnitude 
than that of the unit involved, it is usual to write its 
value in a decimal form, putting a zero in the units' 
place, e.g. a line less than an inch in lei^^th may be 
measured and its length said to be 0*86 inch. 

11, The above method of entry may appear at 
first sight somewhat lengthy and troublesome, but 
experience shows that only by making certain that 
the work done can be described clearly and in full, 
is it feasible to train one's powers so that what has 
been done is retained and may be reproduced satis- 
factorily. Space and time may of course be saved in 
later work by making reference to that previously 
done. Thus, should a scale similar to that described 
above form part of the apparatiis of a later exp^- 
ment, all that it will be necessary to enter concerning 
it und^ tiie heading of apparatus will be : " A scale of 
inches and centimetres as described in Experiment I ". 
Similarly, the measurement of a straight line will not 
be again described fully, but may simply be said to be 
performed " as in Experiment 1 ". 

12. As a further exercise in the use of a scale, the 
student should try 



Draw a line CD 14'7 cm. long, 
using the same soale as in Exp^iment 1. Measure 
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the length of this line in inches, making at least three 
different determinations. Find the mean valije of the 
length in inches, and then calculate 

(a) the number of millimetres in one inch, 

(6) the number of inches in one decimetre. 

Compare the results obtained for (a) and {b) with 

those obtained in Experiment 1 for the number of 

centimetres in an inch and the number of inches in a 

centimetre. 

13. Hitherto we have considered only the measure- 
ment of straight lines. Curved lines must be measured 
by special methods, such as those described in the 
following experiments. 

ExPBBiMBNT 3. Draw a circle BEF with a radius 
of 5 centimetres by means of a pair of compasses 
provided with a sharply pointed pencil. Draw any 
radius AB (Fig. 4). By means of a millimetre scale 
set the points of a pair of dividers so that they are 
2 mm. apart. To test the accuracy of the setting, 
place one point of the dividers at A, and bring the 
other into contact with the hne AB at G. Keeping 
this Iatt«r point in position, remove the first from 
A and rotate the dividers about G until the point 
originally at .i4 is in contact with AB at D. Continue 
this " stepping " along AB until B is reached. If the 
dividers have been correctly set, exacUy 26 steps wiU 
be required to reach B. Should this not be the case, 
reset the dividers and once more step out a radius of 
the circle, repeating this test till satisfied with the 
accuracy of the setting. Next st«p out the circum- 
ference BEF with the dividers as set, beginning at B. 
Note the number of steps required to go completely 
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round the oironmferenoe. If we asBume that each 
httle bit of circumference measured by one step of 
the dividers is straight^, the number of steps multi- 
phed by 2 is the number of millimetres in the circum- 
ference of the circle. 

Repeat this measurement, having first set the potuts 
of the dividers 5 mm. apturt, and compare the lei^h 
thus obtained with that previously found. 




Fig. 4. 



How do you account for any difference noted T 

Draw two other circles with radii 4 cm. and 6 cm. 
respectively. Measure the lengths of their circum- 
ferences as above. 

' This assumption involveB an error which la appreciable tmless the 

length of a " step " U very small when compared with the length of the 
eiroumference, or, in other words, tinlesa the namber of steps required 
to go completely round the ciroiimference is very large. 
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As a check on the accuracy of your working, divide 
the length of the circumference ohtained in each 
determination by the diameter of the circle. 

Tabulate your measurements and values of the 

ratio — r. : and note that the latter all approxi- 

diameter ^^ 

mate to the same value. With very careful measure- 
ment, the average value wiE probably be about 3- 14, , . 
(to5placesof decimals it is 311159. . ., but the method 
of measurement used is not sufficiently accurate to 
make it worth while to carry the result beyond two 
figures after the decimal point). This ratio is denoted 
by the Greek letter x (pronounced " pie "). Hence 
it is usual to state that " the let^h of the circum- 
ference of a circle is tt times the length of its diameter ", 
or that " the ratio of the length of the circumference 
of a curcle to that of its diameter is tt ". 

This method of measiurement may he applied to 
curved lines other than circles, care being taken in 
every case that the length of " step " is made very 
short compared with the length of the curve to be 



ExpBBiMBNT 4. To measure the length of the 
omiumference of a bottle, the following method may 
be used. Procure a supply of stout thread — or, better, 
of fine iron wire as used for binding a bunch of flowers — 
and wind this five times around the circumference of 
the bottle so that the successive strands touch one 
another throughout their length, and the coil is parallel 
to the bottom of the bottle. The wire should be pulled 
sufficiently tight to he in close contact with the exterior 
of the bottle. Bend the wire sharply at two pomts, 
one marking the beginning, the other the end, of the 
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coil of five strands. Remove the wire, straighten it 
carefully by gentle Btretohing, and measure the dis- 
tance between the two marks by bringing the wire 
in contact with the edge of a metre scale. The length 
read off is evidently five times that of the circumference 
of the bottle. Find the length of the circumference 
by division, and calctilate the length of the diameter, 
making use of the rrault obtained in the previous 
experiment. Confirm the values obtained by per- 
forming two more determinationB of the length of the 
circumference at the same part of the bottle, making 
coils of three and seven turns respectively. 

The value found for the diameter may be readily 
checked by measming it directly with a pair of calipers 
(see Fig. fi B), Open the instrument so that the points 
of the jaws are sepajrated by a distance slightly greater 
than the lei^h of the diameter as found by calcula- 
tion. Place the points on the circumference of the 
bottle in the region where the coil was applied and move 
the calipers to and fro on the surface, adjusting the 
distance between the points meanwhile bo that they 
just slip over the outside of the bottle with the line 
between the points parallel to its base. Remove the 
calipers, place the points of the jaws alongside the 
metre scale, and read ofF the distance between them. 
Make two further determinations, placing the jaws in 
each case at different parts of the circumference. 
Find the mean of the three values obtained and com- 
pare it with the mean of those already foimd. 

In this experiment no EiUowance has been made for 
the thickness of the wire. Should this be considerable 
as compared with the diameter of the bottle, the length 
of the diameter as determined must be corrected by 
subtracting the thickness of the wire. 
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Bxtnim /<»■ StvdenL 

What corresponding cotreotum niiist be made in the length of 
the oircumferenoe as found b; experiment T 

The above method, or simple modifications of it," 
may be used in finding the lengths of various parts of 
objecta made up of curved surfaces, and for deter- 
mining other lengths when the latter do not readily 
admit of direct measurement. 




Fig, 5 A shows the calipers arranged with the jaws 
creased so that the points are directed outwards instead 
of inwards. Thus arranged, the instrument is of con- 
siderable service in determining the internal diameter 
of a vessel. 

ExPBRiMBNT 5, Arrange the cahpers as in Fig. 5 A. 
Pla«e the points of the jaws juat within the mouth of 
an ordinary tumbler, and adjust the distance between 
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them BO that when the instrument is held by the hinge 
between the thiTinb and forefinger and twirled slightly, 
the points slide easily on the surface of the tumbler, 
yet still remain in contact with the glass. Remove 
the calipers and determine the distance between the 
points with a scale. Make two more measurements of 
the internal diameter of the tumbler at its mouth, 
arranging the jaws of the calipers along a different 
diameter in each case. Find the mean internal dia- 
meter from your reanlts. 

Next determine similarly the mean internal dia- 
meters (o) midway between the top and bottom of 
the tumbler, (6) at the bottom of the tumbler. 

Exerdee for Student. 

Device two distinct methods of flnding the thii^neaa of the 
gla^ of the tumbler by means of the calipers. Carry out both 
methods and compare the results obtaioed. 

Greater accuracy of measurement may be attained 
by the use of calipers provided with a scale, and 
capable of more dehcate adjustment by means of a 
screw-thread ; for greater eaue of reading, the scale 
is provided with a second small sliding-scale similar 
to that described in the next paragraph. 

14. Some difficulty will probably have been ex- 
perienced in ^timating tenths of a millimetre by eye 
as suggested in Experiment 1. Where such accuracy 
in reading a finely divided scale is required, a smaJl 
subsidiary scale, known as a "vernier", is used in 
order to reheve the strain upon the eyes involved in 
closely examining small scale-divisions. A simple form 
of vernier is illustrated in Fig. 8, AB represents the 
vernier, which is attached to a scale showing centi- 
metres and millimetres in such a way that it slides 
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freely along the edge of the latter. It consists of a 
scale 09 cm. long, divided into ten equal parts. 
Suppose we wish to know the reading on the large 
scale at a given point, such as C, to the nearest tenth 
of a mjlhmetre. The zero mark of the vernier is ad- 
justed so aa to coincide with C as in the figure. The 
reading is e'rtdently between 18' 1 and 18-2 cm. 
To obtain a measurement to frOl cm., examine the 
graduations of vernier and scale and note where one 
graduation mark on the Temier ia as nearly as possible 
in the same straight line as one of the marks on the 
scale. In the figure this occurs at the 7th vernier 

B 



I. 1. 1. 1 .1 I I. I 
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8 I ° 1 

Fig. 6. 



TTT 



division at point D. This shows that 007 cm. must 
be added to 181 cm. to obtain the reading at C to 

001 cm. This reading is consequently 1817cm. 
That this is the case is rendered evident by the 

following considerations. Each vernier division is equal 
to 0'9 mm., while each of the small divisions of the scale 
is 10 mm. Hence the 6th vernier division is 001 cm. 
from the first scale-division to the left of D, the 6th is 

002 cm. from the 2nd scale-division to the left, and 
so on. Finally, the zero mark of the vernier at (7 is 
007 cm. from the 7th division on the scale to the left 
of D, i.e. from the division which shows 18! cm., and 
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therefore 0'07 cm. must be added to 181 cm. to 
obtain the reading at G correct to 001 cm. 

The vernier described above is of the type known 
as " forward reading ", i.e. the numbers of the divisions 
of the vernier and those of the scale both increase in 
value from left to right, and the reading of the vernier 
IB taken in the same direction as that of the scale. 
A vernier I'l cm. long, with ten equal divisions as 
before, is said to be " backward-reading ". In this 
case, the zero of the vernier scale is at the right-hand 
end, and the numbers of its divisions increase in value 
from right to left, so that when the zero is placed in 
the required position, the reading on the vernier is 
obtained hy looking along the scale in the opposite 
direction to the usual. The latter type possesses the 
advant^^ of a more open scale, the slightly larger 
divisions upon it being more readily distinguished, 
and hence causing less eye-strain. This may be still 
further obviated by reading the vernier with the help 
of a lens of low power. 

Many other forms of vernier are used in con- 
nection with various scientific instruments, but the 
consideration of their methods of construction and 
their uses is beyond the scope of our work. Practice 
in reading a simple vernier may be obtained by exami- 
nation of those which may be fotmd attached to the 
scales of an ordinary standard barometer. 

QUESTIONS 

1. The radius ol a penny is 0*6' and that of a lO-aentime pieoe 
is I'S cm. By how many mm. is the circumference of a penny 
longer than that of a 10-centime piece T 

2. A flO-inch tape-measure is actually 60J inches long. What 
would be the error in the length of a cricket pitch, which should 
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be 22 ;ds. long, if the pit«h were actually laid out by meauB of 
such a tape-measure ? 

3. A tennis court is 78 ft. long and 36 ft. wide. How many 
mefi'es does the marker travel in marking out the lines around the 
outer edge of the court T If the radius of the marking-wheel ia 
3^ in., how many times does the wheel revolve in whitening one 
long edge T 

4. The minnte hand of a clock is 4* long and the hour hand 
2J'. In how many hours will the tip of the minute hand have 
travelled a mile and how many times must the hour hand travel 
round the clock-face before ite tip has eovered the same distance t 

G. An ebony ruler is W long and has a diameter of 1'. How 
many feet of string must be wound around the ruler, with the ooils 
just touching, to cover it with a layer of string from end to end, 
the diameter of the string being O'l* T 

6. Write a clear description of tiie method you would adopt 
in determining the thickness of the material of a cofFee-pot. 

7. What is a *' vernier " I How would you oonstruot a vernier 
for use with a foot-rule divided into tenths of an inch, so as to obtain 
measuiementa to the nearest hundredth of an inch T 



CHAPTER II 

MEASUBBMENT OF ABJIA AND VOLUME 

15. Before dealing with the units of area, and the 
methods used in measuring areas, we must know 
exactly what is meant by an area. The area of a 
figure 18 the size of the surface bounded by the line 
or lines which make up the sides of the figure. In this 
book we shall only deal with areas aU points of which 
he in the same plane, i.e. with areas marked out on 
a flat .surface. Thus each square in Fig. 7 is a plane 
figure, as long as the page is kept flat, but if the page 
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is bent in any way bo as to distort either square, the 
latter ceases to be a plane figure. 

16. In measuring small areas, the units generally 
adopted are the square inch and the square centimetre 
in the British and Decimal systems respectively. 
By a square inch (or square centimetre) is meant an 
area equal to that contained within a square the 



Bg. 7. 

length of the side of which is one inch (or one centi- 
metre). Since 1 foot = 12 inches, and 1 decimetre = 
10 centimetres, it may readily be shown that 1 square 
foot, i.e. an area equal to that contained within a square 
the length of the side of which is 1 foot, contains 
144 square inches, and 1 square decimetre is equal to 
100 square centimetres. Thus Fig. 7 represents a square 
foot divided into square inches and a square decimetre 
divided into square centimetres, both being drawn to 
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the same scale, and each square being ^ its actual 
size. 

The chief units of area in use in our country are 
given in the following table, together with their rela- 
tions to one another and to the square inch. 

Table of Measures of Areas. [British System.) 

Hi square inches (sq. in.) = 1 sq. foot. 

9 sq. ft. (or 1296 sq. in.) =1 aq. yard. 

4840 sq. yd. {or 6,272,640 sq. in.) = I acre. 

640 acres (or 4,014,489,600 sq. in.)=l sq. mile. 

Let us compare this with the table of areas arranged 

on the decimal system, treating the square centimetre 

as the unit corresponding to the square inch, thus : 

Table of Measures of Areas. {Decimal System.) 

lOOsq.mm =lsq.eni. 

100 sq. cm. , . . , . . = 1 sq. dm. 

100 sq. dm, {or 10,000 sq. cm.) , , =1 sq, m. 

100 sq. m. {or 1,000,000 sq, cm.) . . = 1 sq. Dm. 

100 sq. Dm. (or 100,000,000 sq. em.) = 1 sq. Hm. 

100 sq. Hm. (or 10,000,000,000 sq, cm.) = lsq. Km. 
Note, In measuring land, the square decametre 
(=10055. "leires) is termed the "are", and 100 square 
decametres make 1 " hectare ". 

On examining the numbers expressing the ratios 
between successive units in each of the above tables, 
and idso the numbers connecting each unit in the first 
table with the square inch and in the second table 
with the square centimetre, the overwhelmii^ sim- 
plicity of the Decimal system as compared with our 
own will at once be seen. 
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17. The method used to determine the area of 
a given figure depends to some extent upon the 
nature of the figure. If the figure is regular or 
symmetrical in outline a few simple measurements 
of certain lengths in it will usually afford sufficient 
data from which to obtain its area by easy calcu- 
lation. The areas of certain well-known regular 
figures may be found by calculation as described 
below. 

{a) Area of rectangle (oblong). 

A rectangle is a fom-'aided rectilinear (straight- 
lined) figure having all its apgles right angles. 

(The square is a special example of a rectangle in 
which all the sides are equal.) 

The figure ABCD in Fig. 8 is a rectangle. The side 
AB represents 600 cm., and the side BC represents 
4'00 cm.^ The lines drawn on the figure divide it up 
into httle squares, the sides of which represent I'OO cm. 
If we count the squares, we shall find that the total 
number in the figure is 24. Hence the area (or quantity 
of surface encl<^ed within the rectangle) is 24-0 square 
centimetres and this number is readily obtained by 
multiplying 4 by 6. From consideration of this and 
similar examples, we may deduce the following simple 
rule : 

To find the area of a rectangle, measure the lei^hs 
of two adjacent sides, using the same unit of length 
for each. Multiply together the number of units of 
length in the one side by the number of units of ler^h 
in the other side. The result will be the number of 
units of area in the rectangle, each unit being equal 

' The actual lengths of the lines in the figure as printed are one-haU 
the values given above. All other lengths mentioned in paragra^ 17 
are rednoed in like ratio. 
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in area to the square which has as its side the unit of 
length employed. 

Exam^. The adjacent sides of a rectai^Ie are 
respectively 1*50 in. and 2-00 in. in length. The area 
of the rectangle is (1'60 x 2'00) sq. in. = 3'00 square 
inches. 

Note that we do not say that the area is I'S in, x 
20 in. Numbers, but not lengiha, may be multiplied 
together. 

Such an expression as "Multiply together the 
lengths of two adjacent aides " is, however, com- 
monly used, but must always be looked upon as simply 
an abbreviated method of writing " Multiply together 
the number of units of length in one side by the number 
of units of length in an adjacent side". 

(6) Area of parallelogram. 

A parallelc^ram is a four-sided rectilinear figure 
which has its opposite sides parallel. 

The area of a parallelogram is f otmd by multiplying 
the length of one side (such as BF, Fig. 8) by the 
length of the perpendicular drawn to it from any point 
on the opposite side. 

Exanvple. The area of the parallelogram EFOH 
(Fig. 8) is (1-40 X 4-60) sq. cm. = 644 sq. cm. 

That this rule is correct may be readily seen if we 
cut off the triangular portion FKO, and place it at the 
opposite end of the parallelogram in the position shown 
by the dotted lines EL, LH, when the parallelogram 
becomes a rectangle EFKL of which the area is, by 
our previous rule, equal to the product EF x FK. 

(c) Area of triangle. 

A triangle is a three-sided rectilinear figure. The 
area of the triar^le MNO (Fig. 8) is evidently half the 
turea of the parallelogram MNOQ, and is therefore 
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halt the product of the lei^hs of the side NO and 
the perpendicular MP. Hence the rule : 

To find the area of a triangle, draw from any of 
its angular points a straight line perpendicular to the 
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Opposite side, or, if necessary, to the opposite aide 
produced. Measure the length of this perpendicultir 
and of the side tQ which it is perpendicular ; half the 
product of these two lengths is the area of the triangle. 
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Example : 

(1) In the triangle MNO (Fig. 8) the perpendicular 
MP (usually called the " height ") from M (the 
" apes") on NO repreaenta 360 cm., while ^0 (the 
"base") represents 400cm. Hence the area of the 
triangle is ( J x 3-60 x 4-00) aq. cm. = 720 sq. cm, 

(2) In the triangle M'N'O' the height M'P' repre- 
sents 3-60 cm. and the length of the base N'O' represents 
220 em. Hence the area of the triangle M'N'O' is 
(J X 3-60 X 2-20) sq. cm. = 3-96 aq. cm. 

There are other special rules for finding by measure- 
ment and calculation the areas of certain other recti- 
linear figures, but, generally speakingj it is best to 
find the area of any such figure by dividing it into 
simpler figures, e.g. parallelograms or triangles, by 
diagonally drawn lines, finding separately the area of 
each of these component figures, and adding the areas 
thus obtained. 

Thus the area of the regular hexagon R8TUVW 
(Fig. 8) is evidently six times that of the triangle B8X, 
and that of the irregular figure 12346678 is the sum 
of the areas of the smaller figures into which it is divided 
by the dotted lines. 

For practice in the above rules, the student should do 

ExPEHiMENT 6, Find by actual measurement and 
calculation the areas in square inches and in square 
centimetres of the regular hexagon and of the irregular 
figure shown in Fig. 8, (5) and (6). 

From the results of the determinations made in 
each case, calculate the number of square centimetres 
in one square inch, and the number of square inches 
in one square centimetre. 

18. In all cases abready considered the sides of 
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the figures have been straight Unes. We will now 
describe a method of finding the area of any plane 
figure, whatever the nature of its sides. 

Experiment 7. Pig. 9 shows a rectangle 6-00 in. 
long and 400 in. broad, divided up by thick lines 
into squares each side of which is half an inch long, 
these being further divided by fainter lines into small 
sqnares of which the lei^h of side is one-tenth {01) 
inch. Thus the whole rectangle is divided up into 
small squares the area of each of which is 

(iV X tV) sq- i^- = T^ sq. in. = 0-01 sq. in. 

(To verify this, count the number of little squares 
in the square ABCD, which has sidea 1 in. long, and 
hence is 1 sq. in. inarea.) 

In the middle of the squared paper an irregular 
figure MNOPQS has been drawn. To find the area 
of this figure we count the number of Uttle squares 
enclosed within the boundary of the figure. Since the 
boundary cuts many of the little squares into two or 
more parts, we must find in some way the areas of the 
httle pieces of the figure thus cut off. This may be 
done by estimating by eye what fraction of a whole 
square each little piece is, and finding the sum of all 
the fractions. Addii^ this sum to the total number 
of complete small squares within the figure gives as 
a result the area of the figure, expressed in htmdredths 
of a square inch. Dividing this result by 100, the area 
in square inches is obtained. 

It is easier in general, however, to count ea«b frac- 
tion of a square larger than half a square as a whole 
square, and to ignore parts of less area than half a square. 
Should a square be cut exactly in half it may be counted 
as half a square. In doing this, we assume that the error 
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made in counting the larger fractions as whole squares 
will be balanced by that made by leaving out of account 
trhe smaller fractions. Thia will not of course be always 
the case, but the error in the value of an area obtained 
by this method of counting, where the paper is divided 
into squares which are small, and the area itself is 
large compared with the area of 1 square, is not very 
great. 

Example. In the irregular figure MNOPQR (Kg. 9) 
there are 16 conLpIete large squares, each containing 
26 small ones, contained within the boundary of the 
figure. Those are numbered 1 to 16 (No. 8 is con- 
sidered a complete square, because the small portion 
outside the figure is less than haJf a small square). 
Within the portions of lai^e squares also contained 
in the figure are marked in smaller type the numbers of 
small squares each such portion contains, the fractions 
of small squares being estimated by the second method 
described above. 

Thus the whole area of the figure MNOPQR is equal 
to that of 

(16x25) + 6 + 6+15 + 2H-ll + 2 + 6+ll 
+ 1 + 12-5 +10+20+7-1- 15-5 + 23 
+ 1 + 3 + 7 + 15 + 5= 597 small squares. 

Hence the area of the figure MNOPQR is 
(597 X 001) sq. in. = 597 sq. in. 

For practice in this method of estimating areas, 
perform the two simple experiments which follow. 

Experiment 8. On a sheet of squared paper 
divided as described above, draw with a pair of com- 
passes a circle as laige as the paper will allow. Draw 
any radius of this circle, and on this radius describe 
a square. (See Fig. 10.) 
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Find the area of the square m equare inches by the 
method of meaaurement and calculation given. Find 
its area also by the method of counting the squares, 
and compare the results obtained. 

{Note. Should there be any serious discrepancy 
between the results obtained by the two methods, 
the stlident is advised to test the accuracy of the 
division of the squared paper used by comparing the 
lengths of the sides of the large and small squares 
respectively with OS in. and 01 in. as given by a well- 
made scale of inches divided into tenths. A small 
error in these lengths will cause, when squared and 
multipHed by the number of squares within the figure, 
a very considerable error in the value obtained for 
the area.) 

ExPEBiMEMT 9. Find the area in square inches of 
the circle described in Experiment 8 by counting 
the squares contained within its boundary. (It will 
be sufficient to count the squares in one quarter-circle 
or " quadrant ", and multiply the number thus obtained 

by*.) 

Find the ratio between the area of the circle and 
the area of the square on its radius, by dividing the 
former by the latter. Repeat the esperiment by 
drawing on another sheet of paper a second circle 
slightly smaller than the first, findii^ its area as before, 
and determinit^ the ratio of the area of this second 
circle to that of the square on its radius. It will be 
found that the vaJue of this ratio, if the experiment 
be carefully done, is approximately 3' 14. If the 
experiment be repeated many times, each time with 
a circle of diflEerent radius, it will be found that the 
area of circle 
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This is the 8ame ratio whioh we obtained in Experiment 
3, and called tt.- 

Prom these results, the followii^ rule for finding 
the area of a circle is obtained : 

Measuire the length of the radius, square this, 
i.e. multiply the number of units of lei^th in the radius 
by itseK, and multiply the result by tt. 

Example. The radius of a circle is 6-40 centi- 
metres. Its area is consequently 

(6-40 X 6-40 X 314) sq. cm, = 129 aq. cm. (nearly). 

Another method of finding the areas of insular or 
curvilinear figures will be described in a later chapter 
dealing with the use of the balance. 

Note. Instead of the squared paper divided into 
quarters and hundredths of a square inch as described 
above, paper similarly divided into square centimetres 
and square milhmetres may be used. The sureas may 
thus be obtained in square centimetres instead of in 
square inches. The use of such paper has, however, 
the great drawback that the countii^ of very small 
squares is a somewhat trying task, more especially 
to anyone suffering from defective vision. 

19. The measurement of volume, i.e. the quantity 
of space occupied by a body, is carried out on prin- 
ciples similar to those governing the measurement of 
area. Thus the unit of volume is a cube, the length 
of each edge of which is unity. (A cube is a solid 
figure with six faces, each of which is a square.) The 
British units in common use are the cubic inch, cubio 
foot and cubic yard, while in the Metric System, the 
cubic centimetre and cubic metre are usually employed. 
In measuring a brick, its volume is generally stated in 
cubic inches or cubio centimetres ; the volume of air 
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in a room is usually expressed in cubic feet or cubic 
metres ; the fimount of material required to build a 
dam is given in cubic yards or cubic metres. 

When dealing with the int«rior volume, or " capa- 
city ", as it is termed, of measuring vessels, an entirely 
different set of unite is made use of in Britain, We 
ask for a pint or a quart of milk, not for a certain number 
of cubic inches of that fluid. No simple relation exists 
between the cubic inch and the pint, I pint containing 
34-66. . . cubic inches. In the Metric System the unit of 
capacity ia known as the "htre", and in this case 
there is a very simple relation between the ordinary 



Fig. 11. 

unit of volume and that of capacity, since 1 Utre is 
exactly 1 cubic decimetre. It will be readily seen, 
therefore, that the measurement and comparison of 
volumes, when using the latter system, is much more 
easily carried out than is the case with the British 
System, thus emphasising what has already been 
written under this head when dealii^ with the measure- 
ments of lei^th and area. 

The comparative sizes of the cubic inch and the 
cubic centimetre are shown in Fig. 11. 
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20. The volume of a rectangular slab may be 
found by performing 

EzFBBlHBNT 10. From a bar of Boap or a lump of 
plasticine cut out carefully a brick-shaped slab 6 cm. 
long, 4 cm. wide and 3 cm. deep, (Or procure a small 
cardboard box of these or similar internal dimensions, 
pack it tightly with plasticine and then carefully remove 
the cardboard faces.) Mark oft the consecutive centi- 
metres along the four long edges of the slab and join 
the marks by parallel lines. (See Fig. 12.) Carefully 




Kg. 12. 
out the slab along these lines. This is most readily 
done with a length of fine wire after the fashion of a 
grocer cutting cheese. The six smaller slabs thus 
formed have evidently the same total volume as that 
of the original slab. Mark out one face of one of the 
smaller slabs in square centimetres as shown in Fig. 13. 
Cut the slab along the lines thus obtained. It will be 
noted that each of the portions thus formed is a cube 
and that its edge is 1 cm. long, i.e. it has a volimie of 
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1 cubic centimetre (c.c). The whole of the last 
divided alab haa a volume of 12 o.c. and, sinoe the 
original slab consisted of sis such smaller slabs, its 
volume must be 6 x 12 = 72 c.c. 

By preparing other figures of similar shape, but 
of different sizes, and measuring their volumes by 
this method, it will be easy to see that the general 
rule for determining the volume of brick-shaped bodies 
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Fig. 13. 

— or rectangular parallelopipeds, as they are termed 
in geometry — is as follows : 

Find the area of one face of the body and multiply 
this by the length of any edge at right angles to that 
face. 

21. The rules for finding by calculation the 
volumes of some other simple soUd figures of regular 
shape may be summarised thus : 

1. The Rectangular Prism. This is the name given 
to any solid figure with two end-faces at right angles 
to the remaining rectangular faces, which may number 
throe or more. Fig. 14 gives representations of a 
triangular and a hexagonal rectangular prism. A brick 
is another famiUar example. To find the volume of 
any such figure, dotennine the area of either end-face 
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— usually termed the " baae " — and multiply it by the 
length of the edge of any one rectangular face which 
is perpendicular to the baae. This latter length is 
called the " height " of the prism. 

2. The Cylinder. This is really a rectangular 
prism with a circular base. Its volume is also found 
by multiplying the area of the circular baae by the 
height of the cyKnder. In this case the height is 
found by meas\iring the length of any straight line on 
the surface of. the cylinder perpendicular to the base. 



fU?\ 



Fig. U. Fig. Ifl. 

3. The Sphere. The volume of a sphere may be 
found by midtiplyii^ the cube of its radius by ^tt. 

4. The Pyramid. Multiply the area of the base 
by the heightj i.e. the length of the perpendicular 
from the apex upon the plane containing the base, 
and divide the product by 3, 

5. The Gone. This is simply a pyramid with a 
curctdar base, and the rule given above apphes. 

To facihtate the solution of problems dealing with 
the volumes of the above sohds, the following formulae 
may be of service : 
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Volume of Priam = bk ; 
„ Cylinder = ■jrr'k ; 
„ Sphere = firf* ; 

„ Pyramid = JfeA ; 
„ Cone = ^irr'h. 



Fig 18. 

(The significations of the symbols b, h, r may be 
readily gathered from the preceding statements oon- 
cemii^ the volume of each Sgure.) 

The volumes of solids of irregular shape, such as 
a lump of coal or a glass stopper, are usually very 
difficult to determine by direct measurement. Other 
methods of finding the volumes of such bodies are 
given later. 
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22. The volumes of liquid bodies are generally 
determined by uaing measuring vessels of suitable 
size, which axG graduated in difierent ways, according 
to the purpose for which they are intended. 

A in Pig. 16 represents the "pipette". This is 
used when a given volume, consisting of a whole 
number of cc, such as 6, 10, 20 or 50 c.c, is required 
to be delivered into another vessel. One graduation 
mark only is needed, situated on the upper part of 
the stem. The pipette, when filled with water to this 
mark, will deliver the volume of liquid marked on its 
bulb. This should be allowed to run out freely and 
the small quantity left in the jet should be permitt«d 
to remain there, as this is allowed for when graduating 
the instrument. 

By means of B, the "burette", volumes involving 
fractional portiona of a cubic centimetre may be 
measiired, the graduations on the body of the burette 
usually showing cubic centimetres and tenths of a 
cubic centimetre. Burettes are constructed to deliver 
total volumes of 10, 25, 50 or 100 c.c. 

The measuring flask, C, holds the number of c.c. 
marked on it when filled to the mark on its neck. 
Flasks of varying sizes are in common use, those most 
frequently met with being constructed to hold 50, 100, 
200, 250, 500 or 1000 c.c. Some flasks will be noticed 
as having two marks on the neck. When filled to the 
lower mark the flask contains the volume marked on 
its body. When filled to the upper mark the volume 
marked on it may be poured from it. The volume 
between the two marks is the allowance made for the 
drops of liqmd which remain clinging to the interior 
of the flask when it is used to pour out a quantity of 
liquid. 
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The measuring cylinder, D, may be of different 
capacities, varying in general from 10 to 1000 c.c. 
It is graduated in cubic centimetres, the actual value 
of each graduation depending on the size of the vessel. 

Similar measuring vesselB may be obtained, gra- 
duated in accordance with the requirements of the 
British units of capacity, but of these we will only 
consider one, the pint measiu^, graduated to show 
submultiples of a pint. Here again we find that the 
British arrangement is complex, since the pint is 
graduated in ounces. One pint of pua^ water at 62° F. 
weighs 20 ounces and the measure ia marked to show 
these and fractions, such as ^ and J, of one ounce. 

23. Experiments involving the use of the vessels 
mentioned will be described in later chapters and for 
the present we will be content to show how the lai^e 
measuring cyhnders may be of service in some cases 
in determining the volumes of irregular solids. 

ExPBEQiEMT 11. Partly fill a litre cylinder with 
water. Bead carefully from 
the scale on the outside 
of the vessel the number of 
c.c. of water in the cylinder. 
It is well to examine the scale 
before doing this in order to 
note the exact value of each 
scale-division. Thu8,inFig.l7, 
there are 10 divisions between 
the 500 and 600 c.c. marks. 
Each of these represents there- 
fore 10 c.c. The level of the 
liquid surface is curved up- 
ward near the inner wall of 
the containing vessel and the 
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leading must be taken at the lowest point of this curved 
surface, which ia called the "meniseua". Should the 
lower edge of the meniscus not be sharply defined, 
a white card should be held obhquely behind the 
cylinder, with its lower edge jusi below the meniscus, 
when the-latter will stand out sharply {see Fig. 17). 
The reading as shown in the figure is 547 c.c, the 
units figure being estimated by imagining each scale- 
division to be further divided into 10 equal parts, 
each representing I c.c. 

Drop a lump of coal or other irregularly-shaped 
solid object — which must be made of material imper- 
vious to, denser than, and not acted upon by, water — 
into the cylinder. The level of the water will rise and, 
after ascertaining that no air-bubbles are clinging to 
the immersed body, take the reading at the new level. 
Suppose this to be 682 c.c. It is evident that the 
soUd has displaced a bulk of water equal to its own 
and that its volume is consequently (682—647)= 135 c.c. 

In the case of solids acted upon by water, a similar 
method of finding the volume may be employed, sub- 
stituting for water a liquid which does not affect the 
solid. 

ExPBBiMBNT 12. Find the volume of a large lump 
of crystallised copper sulphate (bluestone or blue 
vitriol) by the method of the previous experiment, 
using paraffin oil instead of water. 

A further method of determining indirectly the 
volume of a solid body is described in Chapter vr. 
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QUESTIONS 

1. Whioh square has the greater area — one witli Hides half on 
inch long or one wit^ aa area of half a square inch ? 

2. A bagatelle hoard is made up of a rectangular' portion and 
a semi-circular end. The extreme length of the board is 8 ft. and 
the width ia 1 ft. 8 in. How many square feet of cloth would be 
required to cover the board T 

3. Describe two methods of finding the area of a r^nlar five- 
pointed atajr. 

4. A "piece" of, wall-paper is 12 yd. long and 21 in. wide. 
How many pieces would be required to cover Vaa walla of a room 
16 ft. bng, 12 ft. wide and 9 ft. 6 in. high ? 

6. What would be the cost of covering the floors of the following 
parts of a bouse with cork linoleum at 3«. 3(i a square yacd allowing 
10°/„ loss for fittii^T 

Hall 12 ft. by 6 ft. 6 in. 

Paaaage IS ft. by 2 ft. 9 in. 

Kitchen 13 ft by 11 ft. 8 in. 

6. A carpet 16 ft 6 m. long and 13 ft 6 in. wide costs £6. 178. 6(2. 
What was the price per sq. yd. ? 

7. An ordinary brick measures W by 4J' by 2J', How many 
bricks would be required to build a waU 30 yd. long, 10 ft high 
and 18 in. thick I 

8. Find the number of litres of air in a room 12'8 metree in 
length, 9'3 metres in width and 3'6 metres high. 

ft A cubic foot of water weighs 624 lb. What is the total 
weight of water in a reservoir, expressed in tons, the dimensions of 
the reservoir being : Length, 35 yd. ; Breadth, 22 yd. 2 f t ; 
Depth. 10 ft I 

10. The diameter of a cylindrical tank is S ft. 6 in. and its 
depth is 4 ft. 9 in. If a cnbio foot of water weighs 1000 ounces, 
find the weight of water the tank will bold, expressed in tons. 
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MEAStTKEMENT OF WBIQHT 

24. Before considering the subject proper ot this 
chapter, we will deal with the meanings of some words in 
common use, with especial reference to their application 
in scientific work. First on our list we will put the 
word "matter". Much learnii^ has been expended 
on the exact definition of matter, but for oiu: purposes 
it will be sufficient to consider that " Matter includes 
everything that we can handle". Thus iron, water, 
air are all forms of matter, since we can handle them, 
weigh them, and preserve them for further examina- 
tion. On the other hand thoughts, heat, and sleep 
are not composed of matter, since we cannot so treat 
them. 

The word "substance" means "kind of matter". 
Thus iron, water, and air are substances and when we 
say that iron is a hard substance we mean that all 
pieces of iron are hard, not simply that one special 
sample exhibits this quahty. When we wish to speak 
of a special piece of any substance we call it a " body ". 
Thus we say that a 56 lb. iron weight is a hard body, 
made of the substance iron. 

Each body that exists contains a certain quantity 
of matter. For example, the 56 lb. weight mentioned 
above contains a certain quantity of iron, and, as long 
as the weight is protected from the action of sub- 
stances or forces which may damage the iron in any 
way, the quantity of iron present in the weight does not 
alter, as far as we are able to judge in the present 
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state of our knowledge. The " quantity of matter " 
contained in any given body is termed its " mass " 
and the unalterability of this mass is usually expressed 
by the phrase " the mass of a body is constant ". 

25. We all know that a body, left unsupported in 
the air, moves rapidly towards the Earth's surface and 
finally comes to rest on that surface. It is probably 
not so generally known that, while the body is travel- 
iing towards the Earth, the Earth is at the same time 
moving towards the body. This is actually the case, 
the rates at which the Earth and the body move being 
inversely proportional to their masses, whence it 
results that, the Earth's mass being so much greater 
than that of the body, the former's rate of movement 
is so insignificant that we cannot realise it. 

Similarly any two bodies would move toward one 
another if causes preventing this motion did not inter- 
vene. We call " that which produces (or tends to 
produce) motion in a body ", a force, and the mutual 
tendency of all bodies to move towards one another 
is said to be produced by the force termed " gravita- 
tion " or, more briefly, by the " force of gravity ". 
To the famous philosopher, Sir Isaac Newton, we owe 
the discovery that the force of gravity is universal, 
and it was the application of his discovery to astro- 
nomical problems that first gave scientists a clear insight 
into the means by which the heavenly bodies are made 
to preserve their relative positions with respect to one 
another. 

The universahty of gravity must be clearly grasped. 
If two objects — say two footballs — having no initial 
motion were subject to no force save their own mutual 
gravitational attraction, they would move towards one 
another till they touched, and would remain in contact. 
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That they do not do so when placed near eaah other 
is a matter of everyday experience. The mutual pull 
between the Earth and each ball is so much greater than 
the pull of the balls on one another that their movement 
towarda each other is entirely checked, and thus the 
existence of the gravitational force between them is 
completely masked. Experiments have been devised, 
however, which clearly show that force is exerted 
between bodies independently of the force exerted 
upon them by the Earth, but the consideration of such 
expmments is outside the scope of this book and the 
student must take the universal distribution of the 
force of gravity as proved, without requiring actual 
demonstration. 

26. Since the puJl of the Earth upon a body is so 
much greater and more important than any other 
force due to gravity, it is quite usual to speak of the 
" force of gravity " as if it appUed solely to the mutual 
force exerted between the Earth and each object on 
or near its surface. We may measure the magnitude 
of the force of gravity in the case of any particular 
body by balancing it against another force. The 
spring-balance is a familiar instrument designed to 
this end. It consists essentially of a tightly-coiled 
metallic spring to which is attached at its upper end 
a ring by which it may be held in a vertical position, 
while at the lower end is a hook or a scale-pan by 
means of which the force of gravity exerted on a body 
attached thereto may be caused to stretch the spring. 
The stretching is resisted by the force produced by the 
tendency of the coil to resume its original shape, and, 
for amounts of stretching which are too small to 
distort the spring permanently, the increase of length 
is proportional to the stretching force. Thus, if one 
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cubic inch of lead be placed in the pan, the spring will 
lengthen to a certain extent, and this length may be 
noted by marking the distance a metal indicator con- 
nected with the lower end of the spring moves along a 
vertical scale attached to the ring. If a second cube of 
lead, similar in all respects to 
the first, be now placed in the 
pan, the further increase in 
length of the spring will be 
found to be equivalent to that 
first noted. That is to say, the 
pull of the Earth on two cubic 
inches of lead is twice as great 
as its pull on one cubic inch. 
Three cubes wiU cause three 
times the elongation produced 
by one cube, four cubes four 
times, and so on. Each cube 
contains the same quantity of 
matter, i.e. has the same masa, 
and hence we see that the force 
exerted between the Earth and 
any given body is proportional 
to the mass of the latter — a 
body of twice the mass of 
another being pulled twice as 
hard towards the Earth's sur- 
face, one of ten times the mass — 
ten times as strongly, and so on, ^' * 

The pull exerted by the Earth upon a body in virtue 
of its mass is called its " weight ", and the above 
experiment shows that, at any given point on the 
Earth's surface, the weight of a body is proportional 
to its mass, and vice versa. 
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27. It is interesting to note that, although the 
mass of a body is constant, and its weight at any place 
is proportional to its mass, the weight of a body is 
not constant, but undergoes ehght variations when its 
situation on the Earth's surface is chained. At the 
Poles a body would weigh about one-half per cent, 
more than at the Equator, e.g. a body weighing 16 lb. 
as shown by a spring-balance at either Pole, would 
only indicate about 16 lb, 15 oz. when similarly tested 
at the Equator. In explanation of this we may briefly 
say that it is due to the combined effect of two oauses : 
(a) The Polar radius of the Earth is less than the 
Equatorial. Thus the distances between the centres 
of gravity of the body and the Earth vary, and the 
force exerted between two bodies is increased when 
the distance between their centres of gravity is lessened 
(see Ch. Ti). (6) At the Equator the Earth's surface 
is rotating at over 1000 miles an hour and bodies 
resting on, or situated near, its surface tend to leave 
that surface on account of what is usually termed 
" centrifi^al force ", thus appearing shghtly lighter 
than in higher latitudes where the rate of rotation, 
and hence the centrifugal force, is less. 

28. Let us now suppose that, instead of placing 
a cubic inch of lead on the pan of our sprii^-balance, 
we gradually pour tea into the pan. The spring will 
stretch as before, and, when a certain quantity of tea 
has been poured in, the elongation produced will be 
exactly the same as that produced by the leaden cube. 
Prom what has already been said, it is clear that the 
weight of the tea now in the pan is equal to that of 
one cubic inch of lead. Applying the principle that, 
at any given place, the weight of a body is proportional 
to its mass, we arrive at the conclusion that the r 
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of the tea and the lead are also equal. The volumes 
occupied by the two bodies are very different but the 
" quantity of matter " in each is the same. We are 
thus led to the idea that, if we have a method of com- 
paring the weights of any two bodies, we are at the 
same time able to compare their respective masses. 
This point is of importance since, when we piurchase 
tea, sugar, butter and other commodities by weight, as 
we usually term it, we are not primarily concerned 
with the pull exerted between the Earth and the article 
purchased, but with the quantity of the article which we 
obtain. The instrumentin general use for the comparison 
of weights — and consequently of masses- — is the balance. 
Many forms of this exist but the principle upon which 
the working of etich depends is the same in all cases. 



J 



Fig. 19. 

Experiment 13. Bore a hole through a long 
wooden rod — a boxwood metre scale will do excellently 
— carefully at right angles to its length and midway 
between the two ends. Its diameter should be such 
that a knitting-needle, when pushed through, fits closely. 
Support the ends of the needle upon two thick wooden 
blocks — or lai^e books — and note whether the rod 
remains in a horizontal position. If it does not, fold 
a piece of lead foil— the sort in which chocolates are 
wrapped will serve— around the end which is higher, 
and, by sliding the foil along the rod, find a position 
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for it such that, when the rod ia again left free to 
move, it takes up a horizontal position'. 

Tie a fine tliread of cotton around a new penny 
and make a loop in the free end of the thread of suffi- 
cient size to sUde freely along the rod. Hang the penny 
from the rod at any point on one arm. On the other 
arm hang another new penny, similarly tied with an 
equal len^h of the same sort of thread. Arrange the 
position of the second penny bo that the rod is again 
horizontal, Measiwe carefully the distance from the 
centre of the top edge of the rod above the needle to 
the point from which each penny is suspended. Note 
and compare the measurements obtained. (If a metre 
Bcale be used the lengths reqiiired may be readily 
read off directly from the graduations of the scale.) 

Move the first penny to a new position on the rod 
and adjust the position of the second till the rod is 
once more horizontal. Note and compare the distances 
from the centre of the rod to the point of suspension 
of each penny. 

Next hang two pennies, using a double allowance 
of thread, on the rod in place of the second penny, 
leaving the first on the other arm. Adjust till hori- 
zontality is attained and not« and compare the distances 
measured as before. Repeat the above operations, 
using varying numbers of new pennies on each arm of 
the rod. 

On carefully comparing the results obtained, it 
will be at once seen that the further a peimy is bimg 
from the point of support at the centre of the rod 
{usually termed the " fulcrum "), the greater is its 

* Qreater delicaoy of adjustment inaj be atttuned if two thin gloBS 
platCB be interpoaed betveon the ends of the needle and the upper faces 
of the blocks. 
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power of turning the rod about the fulcrum. For 
iuBtauce, if one penny be placed on one arm 20 cm. 
from the centre, it will be found to balance two placed 
10 cm. from the centre. That is to say, the turning 
power of each of these latter pennies is only one-half 
that of the single penny situated twice as far from the 
fulcrum. Again, if we put penny No. 1 40 cm. from 
the- middle of the rod, it will be found that we require 
four pennies on the other arm at 10 cm. from the centre 
to balance it, i.e. by doubling its distance from the 
point about which the rod tiims we have doubled its 
turning-power. 

The turning-power of a force exerted in any similar 
manner to that illustrated in the above experiment is 
termed the " moment " of the force about the turning- 
point, and the conclusion which may be drawn from 
such results as the above is generally summarised aa 
follows : 

When the moments of two forces tending to turn 
a body in opposite directions about a given folcmm 
are equal, the body remains at rest. 

This is the simplest case of a general principle of 
much wider appHoation, known as the "Principle of 
Moments", and may be put in a brief mathematical 
form thus : 

Ist force X its distance from fulcrum 

= 2nd force x its distance from fulcrum. 

29. We are now ready to imderstand why an 
ordinary chemical balance, or the less delicate instru- 
ment known as a " pair of scales ", may be used to 
determine the weight and hence the mass of a body. 
Essentially a balance consists of a " beam", able to 
Bwii^; freely about its middle point, with pans attached 
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to its ends in which the bodies to be weighed may be 
placed. In a simple chemical balance, as shown in 
Fig. 20, the beam is made of brass and turns upon 
one edge of a polished triangular prism of agate — a 
hard stone — which is supported upon a flat surface 
of the same material when the balance is in use. Near 
the ends of the beam are two similar " knife-edges " 
of agate, with their edges directed upwards, parallel 
to, and equidistant from, the middle knife-edge. Upon 
these are hung the pans of the balance by means of 




Pig, 30. 



stirrups, the upi>er inside surfaces "of which are also 
made of ^ate. Depending from the middle of the 
beeun in front of the stout central support is a long 
pointer, the lower end of which moves over a graduated 
scale attached to the wooden base of the balance. In 
front of the base is a miUed brass head or a small 
brass handle which may be turned from left to right 
and vice versa. This works the "arrestment" of the 
balance, a mechanical arrangement whereby the knife- 
edges on the beam are kept out of contact with the 
centre agate plane and the ujner portions of the stirrups, 

4—2 
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when the balance is not in uae. From one end of the 
beam — in some forms of balance from each end — projects 
a thin brass rod with a fine screw-thread upon Its 
surface. A milled nut travels along this rod. Such 
a balance as has been desoribed is usually kept within 
a wooden case with glass sides, in order to protect its 
parts from the action of damp air and to keep them as 
free as possible from dust. 

The balance is used to determine equality of masses. 
Any body placed in one pan is attracted downwards 
fay gravity with a force proportional to its mass. If 
another body or bodies be placed in the other pan and 
it fae foimd that the beam of the balance comes to rest 
in a horizontal position, we know, since the arms of the 
beam of the balance are of equal length, that the force 
with which the contents of the second pan is attracted 
downwards is equal to that acting on the first body, 
in accordance with the Principle of Moments. Since 
these forces — the weights of the respective bodies — 
are equal, we infer that the masses of the bodies in 
the pans are also equal. 

30, In order to simplify measurements of weight, 
units of weight have been adopted, just as is the case 
of the other classes of measurements previously dealt 
with. The British standard unit, the "pound", may 
be defined as " the weight of a piece of platinum, 
weighed in a vacuum at the temperature of melting 
ice, which is kept in the Standards Department of the 
Board of Trade". The need for specifying the exact 
conditions under which the weighing must take place 
will be grasped when the chapters dealing with dis- 
placement of fluids and the effect of heat on bodies 
have been read. Multiples and submultiples of the 
standard unit are given in the subjoined table. 
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16 drams (dr.) = 1 oonoe (oz.) 

16 oz. ■=' 1 pound (lb.) 

14 lb. = 1 stone (st.) 

2 St. =1 quarter (qr.) 

4 qr. =1 hundredweight (cwt.) 

20 cwt. = 1 ton. 

The standard unit of weight in the Metric System 
is that of the "kilogram", a lump of platinum kept 
at the Archives in Paris. This was constructed so as 
to have the same weight as a cubic decimetre of pure 
water when weighed at its temperatiu^ of maximum 
density — about 3'9° C. The thousandth part of a 
kilogram is termed the " gram " and the Metric table 
of weights is as follows : 

10 milligrapis (mg.) = 1 centigram 
10 centigrams = 1 decigram 

10 decigrams = 1 gram (g.) 

10 grams = 1 decargranL 

10 decagrams = 1 hectogram 

10 hectograms = 1 kilogram (Kg.) 

10 kilograms ^ I myriagram. 

One kilc^am= 2-2 lb, (approximately). 
It will be again observed that the Metric table 
excels in simplicity as compared with our own, and 
further, that a fairly simple relation has been estab- 
lished between the imits of lei^h and of weight by 
the adoption of a standard substance — pure water — 
in determinii^ the standard of weight. No such 
simple relation was established in the British System, 
although it is useful to remember that a cubic foot of 
water weighs almost exactly 1000 ounces. 



igitized by Google 



54 Domestic Science 

Since weight is directly proportional to mass, it 
LB unneceaBary to adopt a special system of units of 
maes, and mass is consequently generally expressed 
in the same units as weight, viz. pounds and kilograms. 
To avoid confusion, however, it must be clearly under- 
stood that the term pound, when used as a unit of 
weight, denotes a. force, while when used aa a mass unit, 
it indicates only a definite quantity of matter. 

31. Practice in the use of the balance will be 
provided in the experiments which follow. 

Experiment 14. Examine carefully the box of 
weights supplied with a balance such as that shown in 
Fig, 20. This usuaUy contains the following weights : 

50 g., 20 g., 20 g., 10 g. ; 5 g., 2 g., 2 g., 1 g. 
0-5 g., 0-2g., 0-2 g., 0-1 g. ; 0-05 g., 002 g., 002 g., 001 g. 
With a balance and box of weights of this character, 
bodies weighii^ up to 100 grams may be weighed, 
and the error involved in weighing should not usually 
be greater than that of the smallest weight, O'Ol g. or 
10 mg., if the balance is in good order. 

Turn the arrestment so that the pans of the balance 
are set swinging. This is called " putting the balance 
into action ". Note the number of divisions over which 
the end of the pointer swings on each side of the centre 
division of the scale. The lengths of swing gradually 
lessen till the beam comes to rest. To avoid the waste 
of time involved in waiting till this occurs it is sufficient 
to note whether the number of scale-divisions passed 
over on each side of the centre is approximately the 
same. Thus, if the readlT^ on the right of the middle 
of the scale be 7 divisions, that on the left 6*5, followed 
by another on the right of 6 divisions, the balance is 
in good working order and needs no special adjustment 



igitized by Google 



Meaaurement of Weight 55 

before use. Should the number on one aide, however, 
exceed that on the other by more than 2 or 3 divisions, 
the milled nut at the end of the beam is turned on its 
rod till the pointer swings evenly on each side of the 
centre of the scale. 

EzereUe for Student. 
In which direotion miut the nut at the right-hand end of the 
beam travel if the pointer swings too for to the right, showing that 
the left side of the balance is slightly the heavier T Apply the 
Principle of Moments. 

While adjusting the balance, and while adding 
bodies to, or removii^ them from, the pans, always 
put the balance out of action. This precaution prevents 
undue wear and tear of the knife-edges, upon the 
proper condition of which the accuracy of the weighings 
obtained largely depends. 

When the balance is in proper adjustment, place 
a penny on the left-hand pan. Open the box of 
weights and remove from it, with the forceps supplied 
with the box, a weight estimated to be greater than 
that of the penny. Place this on the right-hand pan 
and gently raise the arrestment with the left hand. 
Note the direction of swing of the pointer. If the 
weight prove too heavy, put the balance out of action, 
remove the weight, and replace it by the next smaller 
weight. Again raise the arrestment and note the 
indication of the pointer. Continue addii^ weights to, 
or removii^ them from, the right-hand pan, as directed 
by the pointer indications, dealing with them in the 
descending order of magnitude in which they are 
arranged in the box, till the smallest weight is reached, 
and the pointer swings nearly evenly on each side of 
the middle point of the scale. If the balance is cased, 
the front should now be lowered, the arrestment again 
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raised, and a reading of tlio pointer indications made 
while the balance is thus protected from the effects 
of accidental currents of air. Should this second 
reading show that the weight has been obtained as 
nearly as can be effected with the biilance and we^hts 
used, add up the weights on the pan, note the total 
and then replace them in order in their proper com- 
partments in the box, checking the total weight found 
while so doing. Close the front of the balance and the 
lid of the bof when the weighing is finished. 

ExFEKiMBNT 15. Place a 1 oz. weight on the left- 
hand pan of the balance and find its weight in grams 
by the method of the previous experiment. From the 
result find by calculation the weight of 1 kilogram in 
- pounds and compare your value with that shown under 
the table of Metric weights previously given. 

The balance may be used to determine indirectly 
the areas of irregular or curvilinear figiires such as 
those of which the areas have been found by other 
methods in previous experiments, or to check the results 
obtained for regular figures by calculation from their 
dimensions. 

EXPEBIMEBT 16, Obtain some tough mUlboard of 
medium thickness and of good quality, or some thin 
sheet zinc. Cut carefully from one of these media a 
square of definite area, say 4 sq, in. or 25 aq. cm. 
Weigh this as accurately as possible and from the result 
determine the weight of 1 sq. inch or 1 sq. cm. of the 
material used. Trace the outline of an irregular figure, 
of which the area is to be found, on the millboard or 
zinc. Cut out the figure as neatly as you can and 
weigh it. Assuming that the weights of the figures 
are proportional to their areas, the area of the figure 
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in sq. in. or sq. cm. may be obtained with a fair degree 
of ezactnesB by dividing the weight of the figure by 
the weight of unit area ae previously determined. 
Compare this with the area as found for the same 
figure by the method of counting the squares described 
in Experiment 7. 

Exercise for StadenL 
What most be Manmed with reapeot to the nature of the miDboai^ 
or zmo used for oairying out this ex[|^iment T 

32. The accuracy of graduation of the pipettes, 
burettes, or other measuring-vesaels used for the deter- 
mination of liquid volumes may be tested by means of 
a good baJance. 

ExPBBiMENT 17. Place a light glass vessel, such 
as a beaker, on the left-hand pan of the balance. On 
the other pan place a similar vessel. If they do not 
exactly balance one another, gradually add small leaden 
shot, or clean dry sand, to the pan on which the fighter 
beaker stands untU an exact balance is obtained. This 
operation is known as " counterpoising " and is 
generally resorted to when the actual weight of a 
containing vessel or other body ia not required to be 
definitely known for the ptirposes of an experiment. 
The second beaker may be dispensed with, if desired, 
and dry sand or shot alone used in effecting the counter- 
poise. Remove the first beaker from the pan to the 
working-bench. Insert the jet of a 10 c.c. pipette 
into a quantity of distilled water in another vessel, 
place the mouth at the upper end of the pipette, 
and suck gently tifi the water has risen above the 
graduation mark on the stem of the instmment. 
Kemove the end from the mouth and quicHy plaee the 
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forefinger over the open end {eee Fig. 21). Leaving 
the jet of the pipette just helow the 
surface of the water, slightly release 
the pressure of the finger, thua allowing 
the water-level to sink slowly to the 
graduation mark. When the lowest 
point of the menisoas touches themark, 
press the finger firmly on the opening 
at the upper end of the pipette, raise 
the latter from the water, and insert its 
lower end in the counterpoised beaker. 
Remove the finger and the water will 
run into the beaker. Do not blow out 
the last drop but allow the pipette to 
drain in a vertical position with its jet ^' 

against the wet side of the beaker for 15 seconds. 
Place the pipette on the bench and transfer the beaker 
and its contents to the left-hand scale-pan. Put a 10 g. 
weight on the right-hand pan and raise the arrestment. 
This weight should be found to bring about an almost 
exact balance. Should it not do so, find the weight 
required to effect a balance. If it be found to vary 
from 10 g. by more than 03 g., the pipette is probably 
improperly graduated. Measuring-vessels for liquids 
are usually graduated to deUver the volume marked 
on them when the contained liquid is at a temperature 
of either 15° C. or 60° F. 10 c.c. of water at this 
temperature weigh sUghtly less than 10 g. — to be exact 
999125 g. The type of balance supposed to be used 
will not show, such smfdl differences of weight as ■ 00 1 25 g. 
so that, for our purposes, the weight of the water should 
be 9'99g. Since, however, we are not usii^ a very 
expensive balance nor very accurately adjusted weights, 
a pipette which delivers a quantity of water at 15° C, 
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the weight of which hes between 9-97 and 10-01 g., 
would not be considered to require re-graduation. 

Similarly test the accuracy of graduation in the case 
of 5 CO., 20 c.c, 25 c.c, and 50 c.c. pipettes. 



Fig. 22. 

ExFEBiMENT 18. To check the accuracy of gradua- 
tion of a burette, counterpoise a beaker sufficiently 
large to hold all the hquid in the burette. Fill the 
burette with distilled water till the water-level is above 
the zero mark, open the tap and allow water to run out 
tiU the lower edge of the meniscus just reaches the 
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topmost graduation. Clamp the burette in an upright 
position in a suitable stand (Fig. 22). Place the beaker 
under the tap and allow exaoUy 6 o.o. of water to run 
from the burette into the beaker. Close the tap and 
weigh the contents of the beaker as in the last experi- 
ment. Add water from the burette, fi o.o. at a time, 
weighing the contents of the beaker after each addition, 
till the lowest graduation mark on the burette is reached. 
A properly graduated instrument shoidd show equal 
increments of weight for each successive* quantity mu 
out, and the weight of each such quantity should be 
very approximately 6 grams. 

Exertitea for Student. 

1. How would you propose to test the aoouraoj of graduation 
of a fltut confrtruoted to hold 60 cd. of liquid T Cany out the test 
b; the method yon surest. 

2. How would yon graduate a ftaak so that it shall contain 
80 0.0. of water at ordinary t«mperatnres t Obtain a flask of 
anitable size and carry out the graduation by your suggested method. 

3. How would you check the aoouiaoy of graduation of such 
a flask as that mentioned in the previous ezeroise T 




33. A weighing-machine, such as one of those used 
for fin<^ing the weight of a person commonly seen in 
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ohenuBtB' shopB, affords another example of the applica- 
tion of the Principle of Moments. It is constructed 
on the model of the simple steelyard, of which an 
illnstitition is shown in Fig. 23. It resembles an 
ordinary balance in that it has a beam pivoted about 
one point but this point is not situated at the centre 
of the beam, beii^ much nearer to one end than the 
other. Let us suppose that the point about which the 
beam turns is 2* from one end of the beam and 20* 
from the other. Applying the Principle of Moments, 
it is evident that a weight of 1 lb. attached to the 
end of the longer arm will balance a we^;ht of 10 lb. 
at the other end of the beam. When placed halfway 
along the longer arm, the 1 lb. weight will balance 
6 lb. at the other end, and so on. The. longer anu 
of the beam is usually graduated in such a way that 
the weight of the object attached to the end of the 
shorter arm may be read directly from the scale when 
an exact balance has been effected, by noting the 
position of the weight which slides along the longer 
arm. In the weighing-machines used to determine the 
weights of heavy objects, a set of weights, suspended 
from the end of the long arm, is used in conjunction 
with the sliding weight. They are marked with values 
whioh bear the same ratio to their actual weights 
as the length of the longer arm bears to that of the 
shorter. Large machines of this character may be 
found in market-places, where they are of use in 
weighing cattle, loads of hay, and similar heavy bodies. 
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QUESTIONS 

1. One arm of a weighing-mttohme ie 10 ft. 6 in. long and the 
other 1 ft. What would be the actual weights of the lumps of iron 
used with this machine marked " 10 owt.", " 36 lb." ( 

2. In an ordinary steeljard a weight of I oz. balanoee a weight 
of 1 lb. suspended from the end of the shorter arm. The length 
of the long arm is 12*. Find the length of the short arm. 

3. A 56 lb. weight is suspended from a stout wooden beam 
at a distance of 2 ft. 6 in. from the centre of the beam, which is 
supported at its middle point so that it is free to turn about that 
point. Where must a weight of 35 lb. he hung on the other half 
of the beam in order to maintain the beam in a horizontal position T 

4. Find by oaloulation the number of ounces in 6 kilogranu 
and the number of grams in a hundredweight. 

5. An ordinary briok measures 9* x 4^' X 2J' and is twice as 
heavy aa the same volume of water. If a cubic foot of water weighs 
62-4 lb., what is the weight of a briok I 

6. A sheet of cardboard 7' long and 5' wide weighs 22-78 g. 
A circle cut from the same sample of cardboard weighs 34-60 g. 
Find the radius of the circle. 

7. SO-0 0.0. of clay weigh 9S-0g. What weight of clay is 
contained in a ojlindec of that material 50*0 cm. long with a diameter 
of 6-0 om. T 

8. Qive a detailed description of the method you would adopt 
in order to find as exactly as possible the weight of 1 inch of a sample 
of fine copper wire by means of a balance which is only capable 
of weighing bodies under 26 g. in weight to the nearest centigram. 

9. A see-saw is formed by balancing a plank 12 ft. long about 
ita centre on a wooden trestle. A child weighing 60 lb. sits on one 
end of the plank, and is balanced by a man weighing 10 st. Where 
miurt the man be seated ? 
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CHAPTER IV 

THE RELATION BKTWEBN WEIGHT ASD VOLUME 

31. It is a matter of common knowledge that 
a pound of lead occupies less space than a pound of 
sugar and that an ordinary brick weighs much less 
than a lump of iron of the same size. We usually 
express our realisation of these facts by such phrases 
as " Lead is heavier than sugar " or " Bricks are lighter 
than iron ". In this chapter we deal with this matter 
from the standpoint of science by making exact measure- 
ments of the relation which exists between the volume 
of a body and its weight. We shall learn that the 
above expressions are somewhat loose in wording and 
should more strictly be stated thus : " Lead is denser 
than sugar" ; "Bricks are less dense than iron". 

ExPEBiMEHT 19, Carefully determine the volumes 
in c.c. of three solid figures made of different materials — 
say lead, iron, and wood — by one of the methods 
previously given. Weigh each body as described in 
the last chapter. Find the weight in grams of 1 c.c. 
of each substance by dividing the weight of each body 
by the corresponding volume. Compare the results 
obtained in this manner for the weights of equal 
v<dume8 of the three substances. 

Repeat the experiment with three different solid 
figures, each made from one of the three materials 
used previously. Find the weight of 1 c.c, of each 
substance as before and compare the results obtained 
with those previously determined. 

If the experiment has been carried out with sufficient 
care, it will be noted that the weight — and hence also 
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the mass — of 1 c.c. of each material is practically the 
same for both examples and is evidently independent 
of the size and shape of the particular body dealt with. 
A correBpondii^ statement to this will still hold good 
if onr measurements of volume and weight are expressed 
in different units, e.g. cubic inches and ounces, or cubic 
feet and kilograms. 

Thus, if our three figm^s were made of wood, iron, 
and lead as suggested, our results will be something 
like this : 

1 c.c. of lead has a mass of 11'2 g. 
» iron » 7-8 g. 

wood „ 0'70g. 

If our measuremente be made in cubic inches and 
ounces, we shall have : 

1 cu. in. of lead has a mass of 6'47 oz. 
„ iron „ 4'51 oz. 

„ wood „' 0'404 oz. 

In cubic feet and kilograms we should obtain : 
1 cu. ft. of lead has a mass of 317 Kg. 
„ u:on „ 221 Kg. 

„ wood „ 19 8 Kg. 

To denote the mass of unit volume of a substance 
the name " density " is used. Thus the density of 
lead may be variously stated as 11'2 g, per c.c, 6'47 oz. 
per cu. in., or 317 Kg. per cu, ft. In each case the units 
of mass and of volume must be clearly stated and it 
will be noted that the numerical portion of the state- 
ment varies with each choice of units made. 
Exercise for Student. 
Determine by oaloulation 

(a) The density of lead im gnuoa per on. dm. 
(6) „ iron in kilograms per o.o. 

(c) „ wood in lb. pw on. yd. 
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35, In practice it is usual to compare the densities 
of all substances with that of a standard substance, 
the standard in general use being the density of pure 
water. In the last chapter we learnt that the weight 
of 1 c.c. of pure water was 1 gram ; hence the density 
of water ia 1 g. per c.c. The densities of lead, iron, 
and wood, as given above, are respectively 112, 7'8, 
and 0'7 times the density of water. To the numbers 
11-2, 7'8, and 07, when used in this connection, a 
special term is applied. They are called the " specific 
gravities " of lead, iron, and wood. This name ia not 
happily chosen. It may be paraphrased as " special 
weights", A specific gravity is not, however, a weight 
but simply a number, and a much more apt designation 
for it is "relative density". Thus we may define the 
specific gravity or relative density of a substance as ' ' the 
number of times that the density of the substance is 
as great as the density of pure water ", or as " the ratio 
between the density of the substance and that of pure 
water ". 

36. The specific gravity of a substance is some- 
times confused with its density. This confusion should 
not arise, however, if it be remembered that the specific 
gravity is merely a number, being the value of a ratio, 
e.g. the specific gravity of iron is 7-8 ; while the density 
is a measure of the mass of unit volume of the substance 
and requires for its complete statement that mention 
be made of the names of both the unit of mass and of 
volume involved, e.g. the density of iron is 7'8 g. 
per c.c, or 451 oz. per cu. in. 

Exen;ise for Stvdeat. 
Why ia the number of grams per c.c. in the statement of the 
density of a substanoe tlie same as the number which denotes it« 
specific gravity ? 
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37. A further method of determining the density or 
the specific gravity of solid substances will be found fully 
described in Chapter vi. We will next consider a simple 
method of determining the density of a liquid substance. 

Experiment 20. Counterpoise carefully (p. 57) a 
small long-necked flask with a narrow strip of paper 
gummed along its neck, a horizontal line being drawn 
across the paper at any point. Pour some of the liquid of 
which the density is required into the flask till the lower 
edge of the meniscus just touches the mark on the paper 
strip. Weigh the hqoid by adding weights to the other 
pan. Pour out the liquid and wash out the flask with 
several successive quantities of tap -water to ensure that 
no appreciable amount of the liquid originally present 
remains in the flask. Rinse the flask out twice with 
small quantitiea of distilled water, pour in distilled 
water till the mark on the neck is reached as before, 
and wipe the outside of the flask quite dry. Weigh the 
distilled water. 

Since 1 g. of distilled water at ordinary temperatures 
occupies almost exactly 1 c.c, the number of grams of 
water contained in the flask is the same as the number 
of c.c. in the interior Volume of the flask up to the 
mark. The hquid and the water both occupied this 
volume, hence the volume of the Uquid is known. The 
mass of the Uquid having been already determined, its 
density is a matter of simple calculation. 

Exercise for Student. 
What is the sptoifio gravity of the liquid of which yon have 
jnst determined the density T 

38. To save time in the determination of hquid 
densities, small flasks are constructed to hold, at 
ordinary temperatures, a known weight — say 10, 26, 
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or 50 g, of water. In iising these, the weighmg of the 
distilled water may be dispensed with, provided that 
the flasks are carefully made. These vessels are called 
" density flasks " or " pyknometers " (Gr. pyknos, 
dense) and two common forms are shown in Fig, 24. 





FiR. 24. 
Of these A represents the better form but its use 
demands more careftil manipulation. If such a flask 
is available, the student should perform 

Experiment 21. Weigh the flask empty, after first 
making sure that it is quite clean and dry, both within 
and without. . Completely fill it with the Uquid to be 
dealt with. Holdi^ the flask with a clean duster, 
push the perforated stopper home. Remove the excess 
of Uquid from the outside of the flask with the duster, 
care being taken to leave the hole in the stopper quite 
full of Uquid and to avoid touching the flask directly 
with the warm hand. Weigh the flask and its contents. 
Subtracting the weight of the empty flask from the 
weight of flask and liquid gives the weight of Uquid 

5—2 
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required to exactly fill the flask. From the weight of 
the water marked on the exterior of the flask the interior 
volume may be found and the -density of the liquid 
may thus he readily ascertained. As a check on the 
accuracy of the value marked on the flask, it may he 
rinsed out thoroughly with tap-water followed by 
distilled water and then filled with distilled water and 
weighed. K the water is at or very near the tempera- 
ture at which the flask is supposed to contain the 
weight marked on it, the number of grams of water 
it holds should be the same as the number of grams 
marked on the flask. 

Other methods of determinir^ the density of a liquid 
will be described in later chapters. 

39. The density of a gas, such as air or carbon 
dioxide, cannot be accurately determined by any simple 
means. A method which gives roughly approximate 
residts for air will be found fully described in Chapter x. 
Experiment and further consideration of this point 
may be postponed till that stage of the work is reached. 
The density of au- being known, the density of other 
gases may be found by such methods as that described 
in Chapter x. 

40. The approximate specific gravities of some 
common substances are given in the table below ; 

Alnminium 
Copper 

saver 

Oak .. 

Sulphur 
Brick . , 
Sea- water 
Glycerine 
Milk .. 
Air .. 



Gold .. 


19-4 


Tin .. 


73 


Cork .. 


0-24 


Ice .. 


0-917 


Flint .. 


3-a 


OhaJk ,. 


. l-8to2-8 


Alcohol 


0-8 


Mercury 


13-6 


Paraffin oil 


0'8l 



0i>0129 Carbon dioxide 
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QUESTIONS 

1. Which haa the greater weight — a cube of silver of which the 
edge ia 3 om. long or one of aluminium with an edge 5 cm. in length t 

2. A cubic foot of water weighs 1000 oz. What ia the weight 
of 100 on. in. of ice T 

3. Find the volome of a kilt^am of mercury. What volume 
of glycerine would have the same weight as the mercniy I 

4. A density flask filled with water weighs 71'67 g. Filled with 
linseed oil, the combined weight of the flaak and oil is 68'6S g. If 
the weight of the empty flask is 2r36g., find the apeoifio gravity 
of the oil. 

5. What weight of mercury would be requited to fill a giaee 
tube 1 metre long with a bore (rf 1 om. ? 

0. A rectangular box with square ends has sides twice as long 
as the ends. It holds 3200 g. of alcohoL Find its length, breadth, 
and depth in centimetres. 

7. A cubic oentimefre of hammered platinum weighs 2I'25g. 
What volume of air has the same weight T 

8. How maay gallons of wat«r could be contained in a tank 
12 ft long, 6 ft. wide and 6 ft. deep 1 

9. 7500 0.0. of water are frozen solid. What volume of ice 
is produced t What is the weight of the ice ! 

10. Correct, where necessary, the following statements ; 

(a) Ice is lighter than water. 

(b) 1'037 is a high value for the density of milk. 

(c) The specific gravity of chalk is 2-3 grams per cubic centi- 
metre, and is less than that of sulphur. 
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THE CONSTmjnON OP MATTER 

41. In the previous chapters the words " solid", 
" Uquid ", and " gas " have been used freely, and there 
has probably been no difficulty in understanding what 
was imphed by these terms. It will be well, however, 
to take into conBideration the distinguishing features 
of these three " states of matter " — ae they are generally 
called — and to deal with one or two important pro- 
perties pecuUar to those states, before proceeding 
further. 

Out common knowledge and some simple experi- 
ments will provide us with the necessary information 
on which to base clear ideas of what is meant by each 
of the above terms. 

We all know that a soUd body does not require the 
support of a containing vessel in order to maintain its 
shape, and that, unless the body is acted upon by some 
external force, it retains its size and shape indefinitely. 
It may be readily beheved that, if a penny and a written 
description of its shape and size be sealed up in a glass 
vessel, an investigator examining it a thousand years 
hence would find that the description still held good. 

Thus our first point with respect to the nature of 
sohds is that they possess shapes and sizes which are 
only changed by the appUcation of force. 

ExFEBiMENT 22. The spring of a spring-balance is 
another example of a solid body. It has a definite 
shape when the balance is not in use. Examine the 
spring of such a balance and d^cribe its shape. Hang 
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a suitable weight, say one-half the value of the greatest 
weight shown on the scale of the balance, from the 
lower end of the instrument and note the reading of 
the indicator on the scale. Describe the new shape 
taken up by the spring. Attach the upper end of the 
balance to a support and allow the weight to hang 
from it for a quarter of an hour. Take readings of the 
position of the indicator every three minutes. With 
a well-made spring, no measurable alteration of the 
reading will be noted. Measure the increase in length 
of the spring due to the attachment of the weight. 
Repeat the experiment, iising another weight. Note 
the relation between the increase of length caused in 
this case and that caused by the former weight, and 
compare it with the ratio between the weights used. 

In this experiment, the spring is changed in shape 
by the action of a force, the amount of change is 
definite for a given force and does not alter appreciably 
when the time during which the force acts ia prolonged. 
Further, the amount of chaise produced is directly 
proportional to the force producing it. 

In common with all other bodies, solids have 
definite masses, as already indicated in a previous 
chapter. The chief characteristics of a solid body may 
be summarised thus : 

It has a definite mass ; it retains its shape with- 
out lateral support ; its volume and shape are in 
general not easily altered except by the action of 
a considerable force ; when its shape is changed under 
the action of a force, the change produced is definite 
and dependent upon the force applied. 

42. Let us next examine the qualities of a hquid. 

ExPBBiUENT 23. Half fill a small flask with water 
and cork it seciirely. Gum a strip of paper to the 
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outside of the flask and mark on it the position of the 
upper siu^ace of the liquid when the flask is standing 
in an upright position on the bench. Note the shape 
of the water occupying the lower part of the flask and 
the position of its free surface with respect to that of 
the Earth. Weigh the flask and its contents. Turn 
the flask so that it rests on its side instead of on its 
base. Note again the shape of the water and the 
position in which its free surface settles. Test whether 
any change in mass has accompanied the change in 
position of the flask. Replace the flask in the upright 
position and note whether the level of the water- 
surface has varied with reference to the mark on the 
gummed strip. Keep the flask and its contents 
securely corked for a week and again examine the 
position of the water-level and redetermine the mass 
of the flask and contained water. 

As a result of the above investigation, we shall be 
led to the conclusions that a Hquid has a definite mass ; 
that its volume does not vary when no external force 
is applied and the temperature is constant, but that its 
shape varies readily under the action of a force, i.e. 
a given mass of hquid has no definite shape of its own, 
but takes that of the portion of the vessel containing it. 
^Further, its upper surface, if free (i.e. not in contact 
with the interior of the vessel), is always parallel to 
that of the Earth, or, in other words, hes in a hori- 
zontal plane^. 

Exerciae for StvdenL 
What was the force which caused the water to change its shape 
when the flask was tilted T 

' I.e. eioept for the menisoua teferred to above and the related con- 
vexity of auiface when the cootaining veesel cannot be wetted. 
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A further characteristic of liquid bodies which serves 
to distinguish them from sohds is the fact that a given 
mass of liquid requires lateral support, i.e. it must be 
put into a vessel with sides sufficiently strong to support 
its weight. Unless thus supported, the liquid spreads 
itself under the influence of the force of gravity as 
a thin layer over the surface of whatever soUd body is 
situated immediately beneath it. This point of dis- 
tinction between 'solids and liquids is sometimes 
expressed by the statement that the smallest particles 
or molecules (see later portion of this chapter) of which 
a solid body is composed possess the property of 
cohering together firmly enough to afford each other 
mutual support, while, in the case of the molecules 
of a liquid, the cohesion between them is not sufficient 
to bring about this result, 

43. A gaa resembles a liquid in many of its pro- 
perties, but has no free surface. Any quantity of a gas, 
howevOT small, when introduced into a previously 
empty vessel, immediately extends in all directions to 
the furthest limits of the vessel, and a sample of the 
contents, taken from any region within the vessel, 
will be found to give the characteristic reactions of the 
gas introduced. Further, if the vessel be transparent, no 
free surface may be seen marking off the Umit of the 
gas, as is the case with a liquid. A gaseous body, in 
common with all others, does, however, possess a 
definite mass. With regard to change of shape, it is 
a matter of common knowledge that a gas offers less 
resistance to deformation than a hquld, e.g. it is easier to 
movethe hand backward and forward in airthan in water. 

The considerable similarity in behaviour of hquids 
and gases has led to their being classed together under 
the general name of " fluids". 
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e for SlvdeiU. 

From the information already supplied, make a summary of 
the genial properties of fluids. 

44. Solids may be further diBtmguishod from fluids 
by the fact that the latter in most caseB intermingle 
freely with one another by the process termed " dif- 
fusion", irrespectively of their densities. All gases 
exhibit this property, but some pairs of liquids, such 
as olive oil and water, do not, for other reasons, mis 
to any appreciable extent. 

The following experiment should only be performed 
under the immediate supervision of a teacher. 

BxFEBiHEiNT 24. Dip a long glass tube of narrow 
bore into a bottle of bromine. (This is a liquid of a 
very dark red-brown colour, which gives off readily 
large quantities of dark orange-coloured vapour-. This 
vapour is exceedingly hartnfvl to the membranes of the 
throat and lungs avd must on no account be breathed.) 
Close the top of the tube with the forefinger and remove 
the lower end of the tube from the liquid. Let the 
liquid nm out of the tube by slightly releasing the 
pressure of the finger, till only enough ia left to fill 
about an inch of the tube. Press the finger firmly on 
the upper end of the tube, cautiously remove the tube 
from the bottle, and lower it carefully to the bottom 
of a taU glass cylinder. Remove the finger when the 
lower end touches the bottom and let the liquid run 
out. Remove the tube and drop it gently into a large 
vessel of cold water. Put the stopper into the bottle 
of bromine. Cover the top of the cylinder with a 
greased glass plate and put it in a fume-chamber, or, 
if that be not available, on the sUl outside a window. 
The liquid bromine soon becomes a gas, which is much 
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denser than air and at first Bpreads over the bottom 
of the cyUnder. Leave the apparatus untouched for 
some time, examining the appearance of its contents at 
intervals of 6 minutes. In spite of the considerable 
difierence in the deusitieB ol the two gases, air and 
bromine, it will be found that the bromine vapour 
rises slowly in the cylinder, becoming less pronounced 
in colour as it does so on account of admixture with 
the air. If the duration of the experiment be suffi- 
ciently prolonged, the bromine, as shown by its colour, 
will eventually reach the top of the vessel, and the 
contents of the latter will be of a uniform pale brown 
tint. 

GauUon. When the experiment is finished, remove 
the glass plate from the top of the cylinder in the open 
air, and turn the vessel upside down at arm's length. 
The bromine vapour will fall from the cyhnder. When 
washing the cylinder and glass tube in readiness for 
future use, be careful to keep the nose and eyes away 
from the sink till it is certain that no traces of bromine 
are left. 

EsFEBiMENT 25. Half fill a small glass dish with 
concentrated hydrochloric acid solution. Add suffi- 
cient htmus solution to a quantity of water to make 
the liquid of a deep blue tint. Fill a test-tube with 
this blue liquid, cover the mouth of the tube with the 
thumb, and invert the tube in the acid. Gently 
withdraw the thumb under the surface of the acid, 
and fix the tube in position by means of a clamp. 
The mouth of the tube should be about half an inch 
below the surface of the acid. The strong acid will 
not damage the skin if it be washed off at once. Allow 
the apparatus to stand in a quiet place for a day or 
two, examining the appearance of the blue liquid at 
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intervalB of about two hours during the daytime. It 
will be found that the lower portion becomes reddened 
by the acid and that the action of the acid gradually 
extends upwards till the whole of the liquid is red, in 
spite of the considerable difference in density of the 
acid and the htmus solution. 

These experiments illustrate the diffusive power of 
fluid bodies, a power only possessed by solids to an 
extremely limited extent. That solids do diffuse, at 
a rate which is very small indeed compared with that 
at which liquids and gases intermingle, seems to he 
diown by such phenomena as the absorption of charcoal 
(carbon) by hot iron when the carbon is closely packed 
around it, with the consequent formation of steel, and 
the finding of appreciable traces of gold in the upper 
layers of a leaden bar to the top of which a piece of 
gold has been applied under pressure for some years. 

45. When scientists discover such interesting facts 
as those we have illustrated in the experiments on 
diffusion, they try to form an idea of the probable 
cause of the observed phenomena. (" Phenomenon " 
simply means an "appearance", i.e. something seen 
or observed.) This generally involves the makii^ of 
some supposition or assumption with regard to the 
nature of the bodies under examination and such an 
assumption is termed a "hypothesis". Hypotheses 
of this character are usually incapable of direct experi- 
mental proof, but are frequently of the greatest service 
in helping lis to form a mind-picture of what may be 
going on during an experiment, and are fittther of 
value in that their consideration may suggest that 
other properties, hitherto unsuspected, are possessed 
by the substances dealt with. The existence or 
otherwise of such properties may be tested by further 
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experiments, thereby widening our general knowledge, 
and, should new facts be discovered by this means, 
our belief in the stabiHty of the hypothesis becomes 
more assured. 

The hypothesis framed to account for such pheno- 
mena as the diffusion of fluid bodiea is termed the 
" Kinetic Molecular Hypothesis ". In this it is assumed 
that each form of matter consists of extremely minute 
particles called " molecules " (Uttle masses). In solids, 
these are supposed to be comparatively closely packed, 
yet still to be separated from one another by distances 
which are large when compared with the space occupied 
by the matter in the molecule ; in liquids, the packing 
is usually less close ; while in gases the molecules are 
very widely separated. Further, each molecide is 
supposed to be in a state of constant movement. 

The movements of the molecules of a soUd substance 
are of a comparatively restricted character. They are 
supposed to travel in limited paths around certain 
definite points in the soUd and they are never far 
distant from these points, A mutual attractive force- 
termed cohesion — exists between the molecules and 
prevents them from separating from one another 
except under the action of a considerable external 
force. A solid body consequently offers considerable 
resistance to change of shape. 

In a Hquid substance the molecules have partially 
lost their cohesive power, althoi^h this is still quite 
appreciable and prevents the volume of a liquid body 
from being readily affected by the apphcation of 
external force. The freedom of movement of the 
molecules is, however, more pronounced than is the 
case with those of solids. They interchange positions 
without difficulty, sHding over and around one another, 
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and their movements are not confined to any particular 
neighbourhood. The shape of a given mass of liquid 
is therefore easily altered by external agencies. 

The molecules of gaseous substances have almost 
entirely lost the property of coh^on. They are 
supposed to move in straight lines with great rapidity, 
colliding frequently with one another and the walls 
of the containing vessel. The motion of any given 
molecule is practically unaffected by the presence of 
adjacent molecules. Their great freedom of motion in 
all directions carries them into all parts of any con- 
taining vessel, however ■ large, the lack of cohesion 
between them permitting of their ready separation from 
one another. 

Let us now apply this hypothesis to the explanation 
of what has been observed in studying gaseous diffusion. 
The molecules of bromine and those of the various 
constituents of the air being in a state of constant 
movement in all directions as described above, some 
molecules of hromine, by virtue of this motion, will 
leave the topmost layer of vapour and mingle with the 
molecules in the layer of air immediately above. On 
the other hand, some of the molecules in the lowest 
layer of an: will leave that region and pass into that 
pfirt of the jar formerly occupied by bromine. This 
process of intermingling will be comparatively slow, in 
spite of the rapidity with which the molecules move, 
for the collisions of the latter with one another and 
with the inside of the jar will cause them to be deflected 
into new paths with great frequency, and thus only 
part of the time will he occupied in moving in directions 
which will carry them into new regions. If a sufficient 
interval of time be allowed to elapse, however, the 
continuance of the intermingling process will at length 
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result in the complete admixture of the bromine and 

air with one another, a result which our observations 

have shown us is actually achieved, although the 

density of bromine is more than 5 timea that of air, 

A precisely similar explanation of the phenomenon 

of Uquid diffusion is afforded by the Kinetic Hypothesis. 

Exercxae for Student. 

Suggest two leaaons, based on the Kinetic Hypotbeeia, for gaseous 

diffusion being & more rapid process than liquid diffusion. 

The above is naturally a very incomplete presenta- 
tion of the Kinetic Hj'pothesis, and one other point 
deserves attention. The molecules of solids, liquids, 
and gases are not assumed to be all of similar size and 
mass. Thus the molecules of water are supposed to 
be larger than those of steam (= gaseous water) and 
we have some evidence that they m^ 3 to 4 times as 
large. On the other hand, the molecides of water are 
probably considerably smaller than those of ice {= sohd 
water), 

46, Many interesting experiments may be per- 
formed which lend support to the idea of the existence 
in gaseous substances of molecules moving at rates 
which dejffind upon the density of the gas, the slower 
molecules being those of the heavier gases. One such 
experiment will next be described. 

Experiment 26. Procure a glass tube about 18" 
long and of \' bore. Make a cream of piaster of 
Paris and water in a shallow vessel, such as a saucer, 
and dip the end of the tube into this cream to a depth 
of about J". Fix the tube in an upright position with 
its end still in the cream, by me^na of a clamp and 
retort stand, and leave it till the plaster has set. Re- 
move it and carefully cut away the excess of plaster 
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from the end of the tube, leaving a plug about J° thick. . 
Cover this end of the tube, clamped in an upright 
position, with a lai^e teat-tube. Pass a piece of narrow 
indiarubber tubing, connected to the gas-supply, up the 
tube till the end of the rubber tube is nearly in contact 
with the plaster plug. Turn the gas-cock full on and 
allow the gas to pass for half a minute. Very alowly 
withdraw the rubber tube, and, when the open end of 
it reaches the lower end of the glass tube, close this 
end of the latter with the thumb. Turn off the gas 
and lower the end of the glass tube, stiU closed by the 
thumb, into a Vessel of water coloured with litmus. 
Remove the thumb under water and clamp the glass 
tube in a vertical position with its lower end about J° 
below the surface of the water. Remove the test-tube 
from the upper end. After a few minutes the water 
will be found to have risen in the tube above the level 
of that outside the tube and this rise will continue for 
some time, the water inside the tube sometimes reaching 
a point several inches above the level of the water in 
the outer vessel. Then a gradual fall occurs until the 
water-levels inside and outside the tube are the same. 
As far as the eye can judge, the plaster of Paris 
plug is a continuous solid substance, but it really 
consists of innumerable very small particles separated 
by minute channels. The molecules of the constituents 
of the coal-gas inside the tube and of the air outside 
can traverse these channels readily, and do so, but at 
different rates. The molecules of the less dense con- 
stituents of the coal-gas escape from the tube through 
the plug much more rapidly than the air molecules 
pass inward. The result is that the total quantity of 
gaseous matter inside the tube is lessened and its 
pressure on the water-surface (see Chapter vi) decreased 



igitized by Google 



The Conetitution of Matter 81 

in proportion, so that the presaur© of the atmosphere 
on the surface of the water in the outer veasel, which 
preasure remains practicallj unaltered throughout the 
experiment, ie able to overcome that on the water 
inside the tube and thus forces some of the water from 
the vessel into the tube. 



ExerdseM Jttr Studenl, 

1. Try to discover the reason for ooTeriug the top of the tube 
whib it was being Med with coal-gas. 

2. Assuming the Kinetic Hypotheeia, acoount for the gradual 
fall of the water inside the tube after the maximum height reached 
is attained. 

47. In the earlier part of this chapter, three difiereat states 
of matter, solid, liquid, and gaseous, were considered and their 
more important propertiea dealt with. It must not be inferred 
that all kinds of matter may be classified rigidly under these throe 
heads. In scientific work much classification ia done, with a view 
to rendering large numbers of individual facta — seemingly iaoUted — 
easier to grasp, and many definitions are framed, in order to give 
cleameaa and exactness to the various ideas concerned. The reader 
must be warned, however, that, although the boundaries of ciassee 
may be made as definite as possible and the definitions worded ae 
clearly as may be, it is rarely the case that no overlapping occurs in 
clasBification or that a definition covers completely every example 
that may oome within its terms. Thus, although our arrangement 
of bodies into the three groups above named ia exceedingly con- 
venient, any given body does not of necessity fall into one of those 
groups. Putty and pitch would probably be classified as aohda 
from a cursory examination, since one can handle lumps of these 
substances without requiring a containing vessel Yet, when left 
in a vessel for a sufficient length of time, they generally assume 
the shape of its interior and present a horizontal free surface, in 
t^is behaviour resembling liquids. Again, an experiment may be 
arranged in which a liquid is heated in a stout glass tube under 
pcessOre. At a certain temperature and under a certain pressure. 
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which are known as the "criticfti" temperature and preBsure ol 
the liquid, it no longer presents a distinct &;ee surface denoting Uie 
boundary between liquid and vapour, and the whole tube ia filled 
with a substance which is in an intermediate state between the 
liquid and gaseous slates, known as the "caitioal state". Any 
reduction of either pressure or temperature catises the immediate 
appearance of both liquid and gas sitnultaneoualy in the tube, as 
shown by the formation of two distinct layers separated by the 
horizontal free surface of the liquid. 

QUESTIONS 

1. Why is the smell of coal-gas frequently noticeable in all 
parts of a room in which there is a very small leak in the gas-fittings ? 

2. Carbon dioxide is 22 times as dense as hydrogen. A mixture 
of equal volumes of these two gases is passed slowly along the stem 
of a long clay pipe and the gas issuing from the end is collected. 
What change will have been eSected in the composition of the 
mixture hy this treatment ? Give reasons for your answer. 

3. Why do you consider glass to be a soUd and treacle to be 
a liquid t 



CHAPTER VI 

FLUID PRESSURE 

48. In Chapter m it was stated that the force of 
gravitational attraction is universal and that the 
existence of this force is made evident to our senses 
by the behaviour of a body left unsupported in the 
air. The force with which the body and the Earth 
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mutually attra<jt one another causes them to move 
towards each other, the motion of the unsupported 
body being readily followed by the eye. A balloon, 
however, although unsupported by any visible means, 
does not fall to the Earth's surface, but even moves 
during part of its flight in the opposite direction. 
Similarly a cork dropped into water does not fall to 
the bottom of the liquid. In these cases a force is 
brought into play which ia strong enough to overcome 
the force of gravity, and the consideration of the nature 
and magnitude of this force — exerted in common by 
all fluids — such as the air and the water in the examples 
above quoted — will form the subject of this chapter. 
49. The way in which a fluid substance makes its 
presence felt in the case of a body in contact with it 
is by exerting what is termed a pressure upon all parts 
of the surface of the body which touch the fluid. When 
a 56 lb. weight is placed upon the ground, that portion 
of the ground upon which it rests is said to be under 
a pressure of 56 lb. If the area of the base of the 
weight be 28 sq. in., each sq. in. of the ground beneath 

it supports Sq = 2 lb. weight. In this case we call 
the pressure one of "2 lb. per sq. in." and similarly we 
generally measure pressure by the magnitude of the 
force exerted upon unit area. We will next investigate 
the nature of the pressure exerted by fluids, by means 
of some simple experiments. 

Experiment 27. Remove the brass plate from a 
"deflagrating spoon". Measure its diameter in cm. 
and calculate its area. Pass a length of flne string 
through the hole in the centre of the plate and push 
in a tight-fitting cork, so that the string is held firmly 
and the arrangement is watertight. Weigh the disc, 

6—2 
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cork, emd sta^g. Place tlie disc on one end of a cylin- 
drical Ai^ad lamp chiomey with the string inside the 
chimney, and hold the disc 
firmly against the end of 
the chimney by means of 
the string. Lower the 
chimney, disc end down- 
wards, into a deep vessel 
of water, as shown in 
Fig. 26. When the disc is 
some inches below the sur- 
face of the water, release 
the string. It will be fomid 
that the disc does not fall 
from the end of theohimney. 
(If it does, the end of the 
chimney does not fit the 
upper surface of the disc tightly enough to form a 
watert^ht seal. In this case, the end of the chimney 
requires grinding to a fiat surface by rubbing it, with 
the chimney in a vertical poaition, upon the ground 
glass surface of one of the plates used to cover gas-jars, 
a little fine emery powder mized with oil beii^ used 
aa a grinding medium.) 

Evidently a force is acting upwards upon the lower 
surface of the disc, pressing it against the end of the 
chimney, and overcoming the force of gravity which 
otherwise would cause the disc to fall. Carefidly raise 
the chimney, with the string still loose, and it will be 
found that, at a certain point, the disc falls off, this 
being evidently due to the force of gravity being now 
slightly greater than the upward force. Note the 
position of the lower end of the chimney when this 
occurs, and measure the depth the end is then immersed 



igitized by Google 



Fluid Pressure 86 

below the water-aurf ace. The m^oitude of the upward 
pressure — usoally called the " apthrust " — at this depth 
is found by obtaining the quotient of the weight of 
the disc, cork, and string previously found by the area 
of the disc. Calculate this and express your result as 
a pressure in grams per sq, cm. 

Exercise f(tr Student. 

What evidence did y<m obtain while performing this experiment 
of the existence of this upward pressure ? 

Remove the chimney and disc from the water, dry 
them as completely as possible, and replace the disc 
on the end of the chimney. On the upper aiujace of 
the disc place weights equivalent to the weight of the 
disc, etc., as already determined, and again lower the 
arrangement to the bottom of the vessel. Loosen the 
string and slowly raise the chimney and its contents 
till the plate again drops off. Measure the depth of 
the end of the chimney below the surface of the water 
when this happens. Calculate the pressing at this 
depth. 

On comparing the second depth with that first 
obtained, it will probably be found that the second 
is practically double the first. Since the pressure in 
the second case is also double that in the first, we are 
led to the conclusion that the upthrust varies directly 
with the depth of immersion. This conclusion should 
be tested by repeating the experiment, placing different 
weights on the upper surface of the brass disc, and 
noting whether the depth at which the disc falls off 
^rees with that required by the above statement. 

50, To obtain some further information with respect 
to fluid pressure, measure the external diameter of the 
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lamp chimney, and calculate the volume of the portion 
of the chimney immersed when the plate falls off in 
each determination made. This volume also represents 
approximately that of the water displaced by the 
apparatus at the instant the plate falls, if we n^ect 
the amount displaced by the cork and disc. Since 
1 c.c, of water weighs 1 gram, the weight of water 
displaced in each ease is easily found. Compare these 
we^hts with the total weight of the disc, etc. used in 
the corresponding determination, and it will be noticed 
that, allowii^ for errors of experiment, the we^ht of 
water displaced is equal to the total pressure in eaeh 
ca-se. 

For the above experiment there can be no pressure 
of the water in an up and down direction on the vertical 
walls of the lamp chimney. The whole upward pressure 
of the water on the immersed body is therefore that 
which we have measured on the horizontal disc. The 
results which we have foimd may be proved to be true 
in all cases, namely, that : 

(a) The pressure on a surface immersed in a 
fluid varies directly with the depth of immersion ; 

(6) The total upward pressure of a fluid on an 
immersed body of any shape is equal to the weight of 
the fluid displaced by the body. 

The cylinder closed with a disc has been chosen for 
experiment because it has only vertical sides and a 
bottom surface ; in the ease of a fully immersed body 
with a top surface also under water, the total upward 
pressure is the difference between the upward pressure 
on the bottom surface and the downward pressure on 
the top surface. Since the top stirface is at a less 
depth than the bottom surface, by (a) above the 
downward pressure on the top is less than the upward 
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pressure on the bottom; and the difference between 
them is equal to the weight of the water displaced. 

EztTciae for StudetU. 
Show that the last stateraent is tnie in the oaae of a cube 
diai^aGing 1000 o.o. whose top surface is 10 om, below the surfaee 
of the water, Calculat« first the weight of water supported by the 
top flurface; then, from (o) above, deduce the upward preeaure on 
the bottom surface. 

51. A further and very important point concerning 
the nature of fluid pressure is that it is exerted equally 
in aJl directions. It is not an easy matter to arrange 




Fig. 36. 

a simple experiment whereby this equality of pressure 
may be shown by actual measurement, but reference 
may be made to well-known facts in support of this 
idea. Thus we know that, if a rubber ball be squeezed 
between the thumb and forefinger, the whole of the 
exterior surface of the ball becomes harder to the toooh. 
Compressing the baU at two points has decreased 
the volume, and hence increased the pressure, of the 
air within the ball. The new pressure, instead of being 
exerted only at the points of squeezing, is distributed 
evenly over the entire surface of the ball. An applica- 
tion of thia principle is afforded by the hydraulic press. 
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a diagrammatic representation of which is shown in 
Fig. 26. A and B are watertight pistons of different 
diameters which slide freely in the tubes G and D. 
The entire space between the under surfaces of the two 
pistons is filled with water. The weights of the two 
pistons are bo arranged that, when no extra load is 
placed on either piston, the lower surfaces of the pistons 
are at the same level. If now a weight of 1 lb. be 
placed on the top of A, this wUl cause increased down- 
ward pressure on the water-surface in contact with it, 
and, unless a corresponding increase in the upward 
pressure of the fluid on A is effected, it is found that 
the piston A will move downwards and B will move 
upwards. That is to say, a downward pressure below 
A has been converted into an upward pressure on B.^ 
Weights may now be placed on top of S in order to 
balance the upward pressure on it. It will be noted, 
however, that a weight of 1 lb. is not sufficient to 
effect a balance, but that a considerably greater weight 
must be used in order to bring the apparatus to rest. 
Thus, suppose that the area of the lower surface of A 
is 10 sq. em., while that oi B\s 2000 sq. cm., it is found 
that a.weight of 200 lbs. must be placed on B to equalise 
the pressure of 1 lb, on A. 



Uaing the definition of pressure given previoiisly, ixy ^ explain 
why the weight on B must be 200 lb. 

52, We win next attempt some experiments in 
which the effect of the upthrust on solid bodies denser 
than water, when they are immersed in that liquid, is 
considered. 

ExPEBiMBNT 28. Obtetin two bodies of equal 
volume, made of different materials, e.g. two cylinders 
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of brass and iron respectively. Weigh each cylinder 
carefully, having previously attached a length of 
about 12' of stout thread to each. Over the left- 
hand pan of the balance place a bridge — a flat board 
supported on two blocks of wood of equal height will 
do — of such a height that the pan may move freely 
beneath it {this bridge is shown in Fig. 27). On 
,the bridge place a vessel of water large enough to 
hold the cylinders without danger of their coming in 
contact with the inner wall 
o£ the vessel. Suspend each 
cylinder in turn from the 
stirrup at the left-hand end 
of the beam by means of 
the thread, and weigh each 
body when entirely sub- 
merged in the water and 
out of contact with the 
vessel. _ The upthrust on 
the cylinders will cause 
their we^hts, when in the 
liquid, to appear to be less 
than when they were 
weighed in the air. Note 
and compare the apparent 
losses of weight, '*' 

Repeat these operations with another cyHnder made 
of one of the materials previously used, but of different 
volume. 

The apparent loss of weight in each case is caused 
by the upthrust of the liquid on the solid. Determine 
the volume of each body used and hence find the weight 
of the water displaced by it. Compare the weight of 
the displaced water in each case with the corresponding 
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apparent loea of weight of the solid body. If the 
experiment has been carefully performed, these quanti- 
ti^ should be equal. 

The result of this experiment is put into the form 
of a general statement as follows : 

The apparent loss of weight suffered by a body as 
the result of immersion in a liquid is equal to the 
weight of the liquid displaced by the immersed body. 

The above statement is known as the " Principle 
of Archimedes", having been first enunciated by that 
philosopher. 

Exercise for StudetU. 
In the above experiment water waa the liquid used. Devise 
and carry out another experiment whereby the validity of the 
Principle of Archimedes may be tested in the ease of some other 
liquid, e.g. methylated spirit. 

53. The above-named principle is of great service 
in making determinations of the value of many quanti- 
ties which are not readily found with accuracy by other 
means. The volume and specific gravity of an insular 
solid body may be f oimd as shown in 

Experiment 29. Find the weight of the solid, say 
a lump of marble, in the ordinary way. Determine 
its apparent loss of weight when under water, aa 
described in Experiment 28. Since this loss is equal 
to the weight of the displaced water, the volume of the 
displaced water is easily found, and hence the volume 
of the body which displaced it. 

The determination of the density, or of the specific 
gravity, of such an irregular sohd only requires one 
further step to be made in the argument. Thus, to 
find the density of marble, the weight of the marble 
obtained in the above experiment has only to be divided 
by the volume found as shown. 
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Exercise for Student. 
Using the values found for the weight and voluine of the lump 
■of marble in Expa^ment 29, write out fully the various steps of the 
argument by which you consider the specific gravity of marble may 
be obtained therefrom. 

ExFEBiMENT 30, Weigh a solid body, such, as the 
glasa stopper of a bottle, in air, in-water, and in another 
liquid — say paraffin oil. Note the apparent loss of 
weight of the stopper when weighed in the water and 
also in the paraffin. Apply the Principle of Arehi- 
medes to the problem of finding the specific gravity 
of the paraffin oil from the measurements made. 

64, The Principle of Archimedes does not apply 
directly to the case of bodies Boating in a hquid, since 
the weight of any such body is entirdy supported by 
the npthrust of the liquid and consequently it appears 
to lose all its weight under these conditions, whatever 
its volume may be. A similar principle may be 
deduced as the result of a simple experiment. 

ExPEBiMBNT 31. Procure a flat-bottomed tube, such 
as is commonly used for the preservation of chemical 
specimens, and pour into it small leaden shot in suffi- 
cient quantity to keep it, when it is floated in water, 
in an upright position. Cork the tube, and float it 
thus prepared, in a vessel of water. Note carefully 
the height to which the Uquid rises on the outside of 
the tube. Remove the tube from the water and dry 
it. Find by calculation from the external dimensions 
of the part of the tube which was under water, the 
volume, and hence the weight, of water displaced by 
the immersed portion. , Weigh the tube and shot, and 
compare this weight with that of the water displaced 
by the apparatus. 

Repeat the operation with a larger quantity of shot 
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in the tube bo that it floats with a larger portion of 
its volume immersed. Find the weight of displaced 
water and the weight of the dry tube and shot as before,' 
Again compare these weights. 

It will be found that the weight of the sohd body 
is equal to that of the volume of water displaced by 
it. Put into the form of a general statement this is 
known as the " Principle of Floating Bodies ", which 
is as follows : 

The weight of the liquid displaced by a body 

floating in a liquid is equal to the weight of the body. 

Exercise for Student. 

Deviae and can; out an esperiment to t«at the applicability 

of the Principle of Floating Bodies to a hquid other than water. 

65. Instruments have been devised whereby 
advantage may be taken of the above principle to 
determine the specific gravity of a Hquid in a very 
simple manner. They are termed " hydro- 
meters", and Fig. 28 shows the appearance 
of one of the ordinary forms, S is a long 
cylindrical bulb of glass. C is a smaller 
bulb sealed to the lower end of B, and 
containing a quantity of small leaden shot 
or some mercury. ^ is a long stem of 
narrow bore, in which is a paper scale. 
This scale is so graduated that the specific 
gravity of any liquid, in which the hydro- j \^ 
meter will float at such a depth that the 
level of the liquid is at some point on the 
stem, may be read directly from the scale. 
Hydrometer scales usually have a limited 
range in order to secure a greater degree 
of accuracy in the mes^urement obtained 
and to do away with the great length of 
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stem which would be necessary to provide for the 
inclusion of the greatest and least values likely to 
be met with, while at the same time giving readings 
stifBciently esact for general purposes. Thus a set 
of hydrometers with the following ranges would be 
capable of utilisation for finding the -specific gravity 
of most Uqmds ; 

0-700— 0-800 ; 0-800— 0-900 ; O'OOO— 1000; 1-000— 
1-200; 1-200— 1-400; 1-400— 1-600 ; 1-600— 2000. 

As an example of the use of one of these instruments, 
we will describe the determination of the specific 
gravity of salt solution in 

ExPBBlMBNT 32, Make a 10 "/^ solution of common 
salt by dissolving 50 g. of salt in water and making 
the total volume of the solution up to 500 c.c.^ Pour 
this liquid into a tall glass jar. Select a hydrometer 
with a range from 1000 to 1-100 or 1-200. Float this 
in the salt solution, taking care that it floats freely, 
out of contact with the inner wall of the jar. Examine 
the part under the fiquid to see that no air-bubbles 
are clinging to the hydrometer. Remove any that are 
noticed with a long-handled camel-hair brush. When 
the hydrometer is floating steadily, take the reading at 
the level of the liquid. It will be noted that the liquid 
creeps up the stem, forming a curved surface similar 
to that assumed in the burette and other measuring 
vessels. Allowance must be made for this effect of 
capillary attraction by adding a correction — usually one- 
half the value of a single scale-division — to the reading 
taken at the point where the liquid surfaee appears 
actually to meet the stem. Or, if preferred, the reading 

1 strictly, BOg. of salt should be diBHolved in 450g, of water. The 
above ia, however, the oonventional laboratory method, and will be 
adopted throughout this book. 
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may be taken in a jar of such a aze that, when the 
hydrometer is floating in the hquid, the liquid surface 
ia at the top of the jar, dnd the reading at the general 
level of the Uquid may be taken through the meniscus. 
This is not very easy to do with accuracy and cannot, 
of course, be done in the case of an opaque liquid, and 
the allowance of half a scale-division is sulBciently exact 
for all practical purposes. Test the accuracy of the 
graduation of the hydrometer by finding whether, when 
floated in distUled water, the scale-reading ia exactly 
roOO, A further check may be made by flndii^ the 
specific gravity of the salt solution by a different 
method, such as by the use of a density flask, and noting 
whether the two results agree. 

Eixrcise for Student. 
Prepare a. solution of salt -with a epecifio gravity of 1*010 by 
means of the hydrometer. 

56. The lactometer is simply a form of hydro- 
meter in which the scale has a range which makes 
the instrument suitable for finding the specific gravity 
of milk. A common range is from 1015 to 1040, and 
the markings on the scale usually consist of the last 
two figures only of the specific gravity, the 10 being 
understood as to be added to aU readings taken with 
the instrument. Thus a reading of 32' 5 on the scale 
would show a milk of specific gravity 10325. The 
value of the information obtained by means of the 
lactometer in judging of the genuine character of the 
sample of mUk tested wUl he treated fully in Part II. 

57. In the statement of the Principle of Archi- 
medes already given, the case of a body immersed 
in a liquid alone receives recognition. It has been 
previously mentioned that aU fluids — both liquid and 
gaseous — exert pressure on bodies in contact with them. 
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From this similarity of behaviour of liquids and gasea 
it is to be expected that bodies weighed in a gas also 
suffer an apparent loss of weight, this loss being caused 
by the partial support of the body by the pressure of 
the gas. This loss actually takes place, and its magni- 
tude may be found by determining the weight of the 
body in a vacuum and also its weight when weighed 
in an atmosphere of the gas. This experiment is rather 
beyond the scope of our work, but, as a result of 
carefully carried out experiments, it has been shown 
that the Principle of Archimedes holds good for gases 
as well as liquids. 

Exerciee for StrtderU. 
Frame a statement ot the Principle of Archimedes which shall 
inelude the case of gases as well as that of liquids. 

All weighings are ordinarily carried out in air — 
a gas — and, as a consequence, the weights obtained are 
slightly smaller than the actual weights of the bodies 
concerned. By " actual weight " is intended the total 
pull of the Earth upon the body weighed. The weight 
of a litre of air is about 1293 grams. Since the loss 
of weight is equal to the weight of displaced gas, it is 
easy to calculate the error in the weight of a body 
weighed in air, it the volume of the body be known. 
Exercise for Student. 

Why are the weights of the Standard Pound and Kilogram defined 
as obtained in a vacnum ? 

The error involved in weighing the comparatively 
small bodies dealt with in our work, due to the upthrust 
of the air, is negligible when compared with other sources 
of error in the weighings. It must be remembered, 
however, that, in all scientific work of the highest 
character, allowance is always made for the errors in 
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weighing in air due to the volumes of air displaced by 
both the objects weighed and the weights used. 

58. We live in a gaseous atmosphere and as a 
result are under pressure due to the weight o£ that 
atmosphere every moment of our lives, ^at we are 
not ordinarily conscious of this pr^sure is explained 
by the fact that our bodily structure is specially adapted 
for existence under the average fluid pressure of the 
air. The troubles of balloonlsts and mountain-climbers 
at high altitudes, as well as those of divers in a diving- 
bell and workers in the caissons used in tunnelling, are 
caused by the great difierences of air-pressure that they 
are called upon to experience. The magnitude of the 
pressure of the air is generally measured by methods 
illustrated in the succeeding experiments. 

BxFEBiHENT 33. Obtain three glass tubes, closed 
at one end, and about 36' in length. Fill the first with 
water, put the forefinger over the open end, and invert 
the tube with its end under the surface of some water 
in a beaker or other suitable vessel. Remove the finger 
and clamp the tube in an upright position with its open 
end stUl under the water-surface. Similarly fill a 
second tube with glycerine and invert it in a vessel 
containing that liquid. Fill the third tube with 
mercury and invert it in a shallow bowl of mercury. It 
will be noticed that the tubes containing water and 
glycerine remain completely filled with liquid, while 
in the case of the mercury the tube is only partly filled 
with that liquid, the surface of the merciuy in the tube 
standing about 30 inches higher than the level of the 
liquid in the outer vessel. 

It is evident that the weight of the liquid in each 
tube tends to cause the liquid to fall out of the tube 
into the vessel below. The force which counterbalances 
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this tendency in each cose is the pressure of the air 
on the surface of the hquid in the outer vessel. This 
pressure is transmitted evenly throughout the liquid 
in all directions, as has been previously explained, and 
at the point in the tube at the same level as the surface 
of the liquid in the vessel, we have the two forces — 
the weight of the liqmd in the tube acting downwards 
and the transmitted pressure of the air acting upwards — 
exactly counteracting each other's effects. That this 
is the true explanation of this phenomenon was tested 
by Pascal. He caused a tube filled with mercury and 
inverted as above to be carried from the foot to the 
top of the Puy de D6me, one of the lofty peaks of the 
Auvergne Mountains. He argued that, if the coliimn 
of mercury was really supported by the pressure of the 
superincumbent air, the height of the 
column supported at the top of the moun- 
tain should be less than that at the bottom, 
since there must be less air above the 
surface of the mercury in the outer vessel 
at the top of the mountain than at the 
bottom, and consequently it must possess 
less weight and exert less pressure. Great 
was his satisfaction when it was reported to 
him that the mercury behaved exactly as 
he had expected, the height of the colunm 
supported becoming gradually less as the 
apparatus was carried higher. We may 
not repeat this classic experiment with 
convenience, but we may easily investi- 
gate the effect of removing some of the 
air from the outer vessel by performing 

ExFEBiMENi 34. Fit up a piece of apparatus 
similar to that illustrated in Fig. 29. </ is a wide- 
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Fig. 29. 
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mouthed bottle, fitted with a tight-fitting rubber stopper, 
bored with two holes. One of these holes admits a 
glass tube T, similar to those used in the preceding 
experiment, filled with, and inverted over, mercury in 
the bottle, and the other a short length of glass tubing 
D, bent at a right angle. The outer end of D is attached 
to an au--pump — or to a water-pump aa commonly used 
by chemists to hasten filtration. The level of the 
mercury in the tube is noted and the pump is gently 
worked. The height of the column of mercury in the 
tube will be seen to diminish gradually as the air is 
removed by the action of the pump from the vessel. 
This diminution will continue till the limit of the 
efiBcieney of the pump is attained, when the mercury 
will remain at a more or less constant level. Pinch 
the rubber connection to the pump tightly and dis- 
connect the pump from the other end of the connection. 
Open the rubber tube by releasing the preaeure of the 
fingers on it. 

Exerdee for StudetU. 
Explain ee clearly aa you can why the menmry level In tfae tube 
ohangee during this experiment. 

59. The original experiment with the tube of 
merciny is due to Torricelli and the experiment is often 
referred to as the " Torricellian experiment ", while the 
apparatus is called the " Torricellian barometer " 
(Greek, baros, weight, and mefron, measure). A baro- 
meter is then an instrument whereby the pressure of the 
atmosphere is measured by balancing it against the 
action of another force — the force in this case being the 
weight of the column of mercury. Other forms of this 
instrument exist, of which the U-tube barometer, or 
siphon barometw, is the most commonly oocurring 
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example. This oonsiats of a lot^ glase tnbe bent round on 
itself so that one limb of the tube is much longer than 
the other. The longer limb iB closed and is nearly full 
of mercury, which also occupies a portion of the shorter 
limb, as shown in the accompanying figure. The tube 
is fiUed with mercury in such a way that the apace 
above the liquid in the long limb is empty, as is also 
the case with the Torricellian form of 
the instrument, this empty space being 
generally known as the " Torricellian 
vacuum ". Thus the surface of the 
mercury in the long arm of the baro- 
meter is under no pressure save that 
of the exceedingly small quantity of 
mercury vapour which volatUises into 
the space at the top of the tube. On 
the other hand, the free surface of the 
mercury in the short limb is subject to 
the pressure of the atmosphere. The 
distance between the levels of the liquid 
measures the magnitude of the air-pres- 
sure and is found to vary from day to 
day. To enable this distance to be 
measured, a scale of centimetres and 
millimetres is etched on the short limb 
and on the upper part of the long one. 
Both scales are numbered from a zero 
point about midway between them, the numbers on 
the scale on the long arm reading upwards and those 
on the other arm downwards. Thus the height of the 
mercury column supported by the pressure of the 
atmosphere is the sum of the readings taken at the 
levels of the mercury. 



u 



Fig. 30, 
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Bxercue for Stvikni. 
Why ia it neceesary to have two scales on which to take readings T 

60. In the more elaborate instruments, such as 
Fortin's standard barometer, arrangements are made 
whereby the variations of level of the surface of the 
merciiry exposed to the air, due to the changes in the 
atmospheric pressures, are compensated for by bringing 
this surface back to a definite position before readings 
are taken. Thus only one scale is required situated . 
beside the upper level of the mercury. 

Hall barometers are commonly of the U-tube type, 
but fire provided with simple mechanism, actuated by 
the fluctuations in level of the mercury in the open 
limb, whereby a long pointer ia made to travel round a 
circular scale, graduated in inches and decimal fractions 
of an inch. By this means readings of the height of 
the mercury column may be made directly from the 
circular scale. 

61. A barometer of quite a different type is the 
" Aneroid ". In this form the variations of air-pressure 
are utilised to alter the volume of a box made of metal, 
with a thin corrugated lid. The air havii^ been 
removed from the metal box, the lid is kept from 
collapsing by a strong spring ; the movements of the 
lid of the box inwards or outwards, corresponding to 
increase or diminution in the preseure of the atmo- 
sphere, cause the end of a long pointer to travel round 
a circular scale similar to that described above. Since 
the movements of the lid are extremely small, a system 
of multiplying levers is made use of to render them 
readily measurable. These instruments are made of 
such delicacy as to show distinctly the difference of 
pressoie doe to carrying the barometer up a short 
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flight of atairs. On this account, and because of their 
ready portabihty, they are much used in determining 
the heights of mountains or of balloon ascents. When 
used for this purpose, a scale of heights is frequently 
found upon them, in addition to the ordinary scale of 
pressures. A decrease in pressure of 1" of mercury is 
approximately equivalent to on increase of altitude of 
about 900 feet. 

The dials of aneroid and hall barometers are fre- 
quently marked at each half-inch, b^inning at 28 
inches, with the words Stormy, Much rain. Rain, 
Change, Fair, and Set fair. The weather predictions 
thus afforded are at best only approximate. They are 
the result of long series of observations upon the 
behaviour of the barometer during speUa of weather of 
various kinds. Thus it has been noted that, in our 
latitudes, the barometer usually falls when the wind is 
in the S.W., the quarter from which most of the rain 
which falls in this country may be expected. On the 
contrary, a N.E. wind in general causes a rise of 
the barometer, accompanied by fine weather. 

In a later chapter, the question of the quantity of 
water-vapo;ir present in the air will be further dealt 
with. For the present, it may be mentioned that 
aqueous vapour is less dense than air and a column 
of air containing much vapour is lighter, and conse- 
quently exerts less pressure, than a column of drier air 
of equal height. Warm air is also less dense than cold 
air, and it is commonly the case in this country that 
damp air is wanner than dry. Hence the barometer 
registers lower pressures when moisture is contained in 
large proportion in the air, and this is an atmospheric 
condition conducive to the production of rain. 

It must be remembered that the he^ht of the place 
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of obaervation has a considerable effect upon the reading 
obtained and the predictions which may serve with fair 
accurac)' for low-lying stations, may be entirely mis- 
leading for others at greater altitudes. 

62. In most of the instruments and experiments 
described in this chapter, the presaure of the air has been 
balanced against that due to a column of mercury. 
A classical experiment, due to Robert Boyle, in which 
pressures are measured by the same means, will give us 
valuable information upon another point, namely, the 
influence of pressure upon the volume of a gas. 

ExFBBiuKNT 36. Close one end of a piece of glass 
tubing, about 50 inches long, and with a bore of at 
least J'. Bend the tube roimd on 
itself at a distance of about 10* from 
the closed end, so that its appearance 
is as shown in Fig. 31. Clamp the 
tube in an upright position. Insert 
a small funnel into the upper end of 
the long limb, and carefully pour in 
mercury till the liquid closes the 
bottom of both tubes and is at the 
same level in each. The air in the 
short limb is thus cut off from the 
outside atmosphere. The pressures 
on the free surfaces of the mercury 
must be equal, since the mercury is 
at the same level in both arms of 
the tube, and is at rest. The pres- 
sure on f^e mercury surface in the 
long limb is evidently that of the 
atmosphere. Measure this pressure 
by means of a barometer. Measure 
the lei^th of the column of air contained in the 
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short limb. If we assume the bore of the tube to 
he miiform, the volume of the contained air will be 
proportional to the length of the portion of the tube 
containing it. The enclosed volume of air in the short 
limb is then under a pressure equal to that of the 
siuTounding atmosphere and has a volume proportional 
to the length of tube measured. 

We 'Will now alter the pressing of this air. Pour 
a little more mercury into the long limb. When the 
mercury in both limbs is at rest, it will be noticed 
that the level of that in the longer limb is higher than 
that in the other. (See Fig. 31.) Let us now consider 
the pressures acting at the level shown by the dotted 
line AB in the figure. The only pressure acting 
downwards at this level in the closed limb is that of 
the contained air. At the same level in the other 
limb we have the pressure of the atmosphere acting 
downwards upon the free surface of the mercury, and 
transmitted through that liquid in all directions, 
together with the pressure of the column of mercury 
in the tube above the level AB. These two pressures 
combined must be equivalent to the pr^sure of the 
air in the other limb, since the pressures of the two 
columns of mereury below AB balance one another, and 
hence need not be considered. The pressure of the air 
in the closed hmb is therefore the sum of the atmo- 
spheric pressure and the height of the mereury surface 
in the loi^ tube above AB. Measure this height and 
also the length of the air column in the short tube 
under the new pressure. 

Add more mercury, and again measure the length 
of the contained air column and the height of the 
mereury surface in the long tube above that in the 
shorter. Continue the addition of mereury in small 
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quantities, noting the pressure and length of the air 
column in the closed limb after each such addition. 

Tabulate your results as shown below and find 
for each pressure measured the product of the 
pr^sure and volume of the air in the closed limb. 

Let us suppose that the following ere the observa- 
tions made in such an experiment a^ the above : 

3. IHBtuiu Sum of 1 Leugtli 



O'Onun 


760 mm 


200 om. 


16,000 


22-0 mm 


772 mm 


ie-4 cm 


14,070 


46-0 mm 


796 mm 


18-9 om 


16,040 


128-0 mm 


876 mm 


171 om 


14,960 


680-0 mm 


1430 mm 


10-4 om 


14,870 



It will be seen that, allowing for errors of experi- 
ment, the value of the product PV remains the same 
throughout the series of observations. Since F is a 
measure of the volume of the air contained in the closed 
limb, and P is the pressure, expressed in millimetres of 
mercury, to which that air is subjected, the general 
result of this experiment may be stated thus : 

The product of the volume and the pressure of a 
given mass of gas is constant. 

63. The above relation between the pressure and 
volume of a gas may be stated in another form. It 
will be noticed that, as the pressure is increased, the 
volume decreases, and it may readily be shown that 
doubling the pressure decreases the volume by one-half, 
trebling the pressiwe reduces the volume to one-third 
and so on. Put into the form of a general statement, 
this becomes : 

The volume of a given mass of gas varies inversely 
-with the pressure to which it is subjected. 
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In honour of Robert Boyle, who first enunciated 
the above law, it is called "Boyle's Law"^. It is 
assumed that, during the performance of experiments 
such as that just described, neither heating nor coolii^ of 
the enclosed gas is allowed to take place, since, as will 
be demonstrated later, these changes of temperature 
will cause corresponding changes of volume indepen- 
dently of those caused by the variations of pressure, 
thus nulHfyii^ to some extent any deductions drawn 
from the observations made. 

Exercise for Student. 
Tiy to deduce the second statement of Boyle's Law given above 
from the observations quoted in the table. 

61. The gas used in our experiment was air, the 
most easily procured, and therefore most convenient, 
gas for our purpose. Similar observations would have 
been obtained, however, had the gas enclosed in the 
tube used been any other of the commonly occurring 
gases. Thus, in the statements of the law given, the 
word "gas" is used, and not "air", in order to show 
the general applicability of the law to all gaseous 
substences. 

It must not be inferred, however, that the law is 
strictly applicable to the behaviour of all gases under 
all conditions of temperature and pressure. An impor- 
tant deviation is noted in the case of some gases when 
they are submitted to considerable increase of pressure 
at the ordinary temperatmre, the decrease of volume 
corresponding to a given increment of pressure being 
distinctly greater than that required in accordance with 

' Thia law was independentlj discovered at a later date by the 
French mveatigator, Mariotte, and henoe is generally referred to on 
the Continent as " Hariotte's Law". 
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Boyle's Law, The substances which show this pecuh- 
arity are all obtainable in the liquid form at ordinary 
temperatures by being sufficiently compressed and, on 
cooling them to temperatures which are not far removed 
from the ordinary temperature, also assume the liquid 
fortn. Sulphur dioxide — a gas obtained by burning 
Bulphiir in air — ia an example of this class. It becomes 
a liquid at — 10° C, under atmospheric pressure, and 
is obtainable commercially in the liquid form, being 
stored in stout bottles resembling soda-water syphons. 
It is forced into these bottles under pressure and is 
retained in them as a Uquid at all ordinary tempera- 
tures. Such a gas— readily Uquefiable by cold, and 
capable of Hquefaction at ordinary temperatures by 
pressure alone — is frequently termed a "vapour". On 
the other hand, nitrogen — one of the gases of the 
atmosphere — must be cooled to — 196° C. under 
atmospheric pressure before becoming a Uquid, and 
cannot be hquefied by increase of pressure alone at 
ordinary temperatures. At temperatures near its 
boibng-point, however, nitrogen exists in the vaporous 
condition, being then readily Uquefiable by increase of 
pressure alone. 

65. Problems dealing with the chaises of volume 
of gases with change of pressure may be readily solved 
by such methods as that shown in the following 
example : 

A room is 15 ft. long, 12 ft. wide, and 8 ft, 6 in. 
high. Find the volume of au- which escapes from 
the room when the atmospheric pressure alters from 
750 mm. to 735 mm. 

The interior volume of the room, and hence that of 
the air contained in it, is (15 x 12 x 8J) = 1530 cu. ft. 
The product of the numbers representing the volume 
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and pressure of this mass of air ia therefore (1530 x 750) 
. = 1,147,500, when the pressure is 750 mm. This must 
also be the product of the volume and pressure when 
the latter is 736 mm., according to our first statement 
of Boyle's Law. If we denote the volume when the 
pressure is 735 mm. by V, we have 735r = 1,147,500, 
whence V = 1561'2 cu. ft. Thus the volume of air that 
escapes from the room is (1561'2 - 1530) = 31-2 cu. ft. 
A similar result is obtained by making use of the 
second form of statement of Boyle's Law. Thus we 
may find the volume of the room as above, and since 
the volume of the air contained in it will increase on 
accotmt of the diminution of pressure, and we know 
that the increase of volume will be inversely propor- 
tional to the decreased pressure, we have 

New volume of air = { 1630 x 750) ^ 735 ; 
t.e. 1,147,500-=- 735, as before. 



QUESTIONS 

1. Whj ia it a somewhat diifionit matter to keep a fully inflated 
football entirely under water ? 

2. The standard pressure of the atmosphere is equivalent to 
that of a column of mercury 760 mm. in height. If the specific 
gravity of mercury is 13'6, fiod the standard preesure of the atmo- 
sphere ia grama per square centimetre, and in lbs. per sqnare foot- 

3. It a glass tumbler be completely Med with water, the mouth 
of the tumbler closed with a posteard held firmly against the edge 
of the mouth with the hand, and the tumbler then inverted, the 
hand may be removed without the water being spilt. How do you 
explain this phenomenon ! 

4. An egg weighs 61 '24 g. When weighed in water, ite apparent 
weight is r46g. What is the average density of the constituents 
of the eggT 
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5. In a determination of the specific gravity of brine, the 
following observations were made : 

Weight of flaek 36-70 g. 

Med with water 89-67 g. 

brine 92'45 g. 

Find the specific gravity of the brine. 

6. The apecifio gravity of a, sample of olive oil ia 0-915. What 
will be the apparent loss of weight of a brass cube of 3 cm. edge 
when weighed in the oil ? 

7. A lump of alumininm weighs {a) in air, 30 g., (6) m water, 
I8'4g., (c) in chloroform, 12-6 g. Find the specific gravities of the 
metal and the chloroform. 

8. How much air will enter a room 20 ft. long, 16 ft. 9 in. wide, 
and 10 ft. high, if the pressure of the air varies from 29-5 iiL to 
30-1 in., as measured by the barometer I 

9. A partially inflated bladder is placed inside a stout-walled 
glass flask, and the air is gradually exhausted from the flask by 
means of an air-pump. What would you expect to bappen to the 
bladder I Give reasons for your opinion. 

10. Why is it easier to float in sea-water than in fresh water t 

11. When the tube of a Torricellian barometer is gradually 
inclined from the perpendicular, the level of the mercury surface 
approaches the closed end of the tube nntil finally the tube ie com- 
pletely filled with the liquid. How do you account for this ! 



CHAPTER VII 

CENTRE OF GRAVITY 

66. When discussing the meaning of the terms 
"weight" and "gravity" in Chapter m, it was men- 
tioned that the attraction between two bodies ia 
increased when the distance between their centxes of 
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gravity U lessened. The words "centre of gravity", 
as used in this statement, require explanation. In the 
case of a hammer, consisting of an iron head attached 
to a wooden handle, the centre referred to would not 
be situated about halfway along the handle, but at a 
point in the head. This point, through which the total 
force of attraction exerted by the earth on the hammer 
and the hammer on the earth may be considered as 
acting, is called the " Centre of Gravity " of the 
hammer. 



1 1 

4 



Fig. 32. 

67. To elucidate further this idea of a centre of 
gravity some simple experiments may be performed 
in which its position is determined in the case of certain 
bodies. 

ExFBRiHENT 36. Cut out fifom millboard of good 
quality a rectangle, a parallelogram, a circle, and an 
irr^ular figure. These figures should not be too small 
— each should have an area of, say, 300 sq. cm. Bore 
three small holes in the surface of each figure at any 
points (see Fig. 32). Attach a short length of bent 
copper wire to a cotton thread to serve as a hook. 
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FasB the hook through one of the holes in the rectangle, 
and tie the other end of the thread to a nail fixed in 
a drawing-board or other convenient wooden board. 
Support the board in a vertical position so that the 
rectangle hangs freely in front of it. Allow the figure 
to come to rest. Mark on the surface of the millboard 
the point at which the thread crosses the edge of the 
figure and draw with a straight-edged ruler a line 
from this point, through the centre of the hole, to the 
opposite edge of the figure. Repeat these operations 
with the hook in each of tie other holes in turn. It 
will be noted that the three lines drawn aU pass through 
one point, which in this case will be found to correspond 
with the point of intersection of the diagonals of the 
rectangle. 

In the above experiment two forces are acting — 
the pull of the thread upwards and the weight of the 
millboard downwards. These two forces balance one 
another, since the rectangle remains at rest. Now two 
forces can only balance one another when their lines 
of action are in one and the same straight fine. (This 
may be tested by displacing the rectangle, suspended 
as above, to one side, so that the line of action of the 
pufi of the thread is no loiter vertically upwards. 
On releasing the rectangle, so that it is acted upon 
by the two forces mentioned above, it will move from 
its position of displacement and, after swinging for 
a short time, will come to rest with the thread hanging 
in a vertical direction, i.e.. in the same direction as 
that in which the force of gravity acts.) From the 
above considerations it is clear that the weight of the 
body acts in each case in directions which aU pass 
through a certain point. As stated previously, this 
point is called the centre of gravity of the body. 
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Test the accuracy of this statement in the case 
of the rectangle by making another hole in it and 
suspending it again with the hook through this hole. 
If what has been said is correct, the straight line drawn 
in the direction of the thread should intersect the lines 
abeady drawn, at the point previously determined. 

Find, in a eimjlar fashion, the centres of gravity 
of the other figures you have prepared. 

The true centre of gravity of each figure will not, 
of course, be at the point of intersection of the lines 
drawn on the surface of the millboard, but will be 
situated at a point immediately beneath this point and 
halfway through the thickness of the millboard. 

68. The centre of gravity of any body might be 
found by the method just described, if it were feasible 
to mark the exact direction of the lines of action of 
the weight of the body when it is suspended from 
different pouits on its surface. This cannot very well 
be done in most cases, however, but we may find the 
centre in the case of regular solids with some approxima- 
tion to accuracy by adaptations of the above method. 

Experiment 37. Balance a boxwood metre scale 
upon one edge of a wooden triangular prism, with the 
fiat side of the scale upon the edge of the prism. When 
it rests in a horizontal position, its weight acting down- 
wards must be acting in the same vertical plane as 
the resistance of the edge of the prism acting upwards. 
That is to say, its centre of gravity must be situated 
at some point in the interior of the scale which is exactly 
over the edge of the prism. Balance the scale again, 
this time upon one of its long narrow faces. It will be 
found that it balances about a point in its length which 
is situated at the same distance from either end of the 
scale as the point previously found. At some point in 
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the vertical plane, containing the edge of the priBm, 
above this position of rest is its centre of gravity. If 
it were possible to balance the scale upon one end, 
a third vertical plane could be found containing the 
centre of gravity. The three planes thus determined 
have only one common point of intersection, and this 
must be the centre of gravity of the scale. By making 
the assumption, however, that the middle part of the 
scale is composed of homogeneous matter, we may con- 
sider the centre to be midway along the portion of 



the line which forms the intersection of the two planes 
found by actual experiment, contained within the scale. 
69. It will probably have been noted that it is 
a much more difficult operation to balance the scale 
upon one of its long narrow faces than upon one of 
the flat ones, and that the feat of balancing it upon one 
of its end faces seems impossible. We express the ideas 
derived from these observations by saying that, when 
supported upon a flat face, the scale is in a more stable 
position than when balanced about a narrow edge, and 
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that the scale, when standing on end, Ib in a very 
unstable position. We will next consider the reason 
for these differences in behaviour of the scale. Fig, 33 
shows such a long wooden lath as the scale already used 
resting on the ground on 

(a) a flat face ; 

(6) ft narrow loi^ face ; 

(c) an end. 
The approximate position of the centre of gravity 
of the lath is shown by a black dot. In each position 
of the lath, the centre of gravity, when the lath is at 
rest, is vertically over some point on the ground covered 
by the part of the lath in contact with the ground. 
It wUl be noticed, however, that the height of the centre 
above the ground is least when the lath is on one of 
its flat sides, and greatest when the lath is standing 
on end. Further, it is clear that the base of support 
of the lath is of greatest area when it is in position (a), 
and least in position (c). This leads to the idea that the 
stability or otherwise of a body is directly connected 
with the height of its centre of gravity above its base of 
support, and also with the area of the base of support. 
Suppose the lath standing on end to be displaced from 
this position. A very small displacement in any 
direction will cause the perpendicidar from the centre 
of gravity to the ground — that is to say, the line of 
action of the weight of the lath — ^to fall on some part 
of the ground not included within the area of the 
portion of ground upon which the lath was supported 
when at rest. The lath, if imsupported in any way, 
will now faU, and come to rest with its centre of gravity 
nearer to the ground in one of the positions (a) or (b). 
This is due to the moment of the weight of the lath 
about the point or points at which it touches the 
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ground. This moment has its point of application at 
the centre of gravity, and its effect is to cause the 
lath to be further displaced in the direction of the 
original displacement. A body is said to be in a position 
of " unstable equilibrium " when a smiill displacement 
of the body from its original position of balance causes 
further displacement to occur, so that the body takes 
up a new position with its centre of gravity at a lesser 
distance from the base of support. 

When the lath is poised about a long narrow face, 
a small angular displacement may not cause the line 
of action of its weight to fall without the base of support, 
and in this ease it will be found to return to its original 
position when the disturbing force is removed. It is 
then said to be in a fairly stable position. Its position 
of greatest stability is, however, that in which it is 
supported on one of its long flat faces. This is the 
position it always takes up when disturbed from the 
positions already considered, if the disturbing force be 
sufficiently great. A body is said to be in " stable 
equilibrium " when, after a small angular displacement 
in its position has been effected under the action of 
a force, it returns to its original position. 

As already illustrated above, there are degrees of 
stability, and this point may be further examined if 
we deal with the various positions in which an ordinary 
brick may be balanced. Its stabUity increases through- 
out the series of positions in which it may be balanced 
given in the following list : 

(o) standing on one corner ; 

(6) „ of its shortest edges ; 

(c) „ ,, longest edges ; 

(d) „ „ smallest faces ; 

(e) „ ,, largest faces. 
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Exercise for Student. 

Whioh of the poeitions named above would you term " stable " 
and which " unstable " ? Make a further list of podtious in vbicb 
the brick may be balanced, classifying them under these heads. 
Which position do you consider that of greatest stability T 

70. There is yet another form of equiUbiium to be 
Gonsidered. If a ball be placed on a horizontal surface, 
it will remain in any spot on which it is placed. If 
now it be displaced from this position by a small 
diatm-bing force, it neither returns to its former position, 
aor moves further from that position. Hence its 
condition cannot be said to faU under either of 
the headings of stable or unstable equilibrium, as 
previously defined. Such a body as the ball is said 
to be in a position of "neutral" equilibrium. Its 
behaviour when displaced may be explained thus : 
Its centre of gravity coincides with its geometrical 
centre. The height of its centre of gravity above its 
base of support is therefore equal to its radius. When 
displaced, the height of its centre of gravity is neither 
increased nor diminished, and the centre is still vertically 
over the new point of support. Thus there is no moment 
of its weight about the point of support tending either 
to displace it further or to bring it back to its former 
position. 

Exercise for Student. 
What is the state of equilibrium of a cone made of homogeneous 
material when resting (a) on its point; (&) on its base; (c) on its 
curved surface ? 

71. Other interesting points concerning the centre 
of gravity may be investigated by performing 

ExfEBlHENT 38. Using the millboard figures of 
which the centres of gravity have already been found 

8—2 
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in Experiment 36, push a pin through ea«h of the points 
of intersection of the hnes drawn on each figure. By 
moving the pin gently about, make each of the holes 
just large enough for the figures to move freely aroimd 
the pin. Pin each figure in turn to the vertical board 
previouMy used. Note the position first taken up by 
each figure. Turn each into a fresh position by making 
it revolve around the pin. Note what happens. If the 
centre of gravity has been determined with sufficient 
care, and the hole has been made exactly at the right 
place, it will be found that the figure remains steady 
in the new position. That is to say, bodies supported 
at their centres of gravity are in neutral equilibrium. 

Make another hole with the pin in each figure, not 
at the centre of gravity, and pin each in turn to the 
board as before. Note the position taken up. Cause 
each figure to revolve around the pin for a short distance, 
and then release it. Each will be seen to swing back- 
wards and forwards after release and will finally come 
to rest in the same position as that first taken up. 
Note where the centre of gravity is situated with r^ard 
to the pinhole in each case when the figure comes to 
rest. In every case the centre of gravity will be seen 
to be vertically beneath the hole. From this observa- 
tion we learn that bodies supported at one point, not ' 
situated at their centres of gravity, are in a position 
of stable equilibrium when the centre of gravity is 
immediately under the point of support. 

Leaving the figures pinned to the board as just 
described, carefully adjust the position of each in turn 
80 that the centre of gravity is vertically over the point 
of support. When very carefully done, it may be 
shown that the figure will remain in this position as 
long as no disturbing influence comes into action. The 
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alighteBt disturbance, however, ia enough to cause the 
figure to revolve rapidly around the pin, and to continue 
swinging till it comes to rest in the same position as 
formerly, i.e. with the centre of gravity vertically 
underneath the pinhole. Thus a body supported at 
one point vertically below its centre of gravity is in 
a condition of unstable equiUbrium, 

72. Familiar examples of bodies in various con- 
ditions of equiUbrium may be noted, e.g. a flower-vase 
with a loi^ stem and a small foot will remain balanced 
when filled with flowers. A slight jar, however, is 
generally sufficient to upset it. The centre of gravity 
of the vase and flowers is readily disturbed to an extent 
which suffices to cause the foot of the perpendicular 
from their joint centre of gravity to fall without the 
base of the vase, with the result mentioned above. 
The student will find it an interesting exercise to con- 
sider some more examples of bodies known to be easily 
knocked over, and to show that a similar explanation 
holds good in each case. 



QUESTIONS 

1. Why doee a lead-pencil roll dawn the sloping lid of a desk T 

2. Why does a man balancing a walking-stick upon the end of 
bis forefinger keep the end of bis finger in almoat constant motion ; 

3. Which will overbalance more readily — a waggon loaded with 
ha;, or a siinilex waggon loaded with ironmongery ! 

4. Sketch what yon consider a good shape Itx a saucepan that 
cannot be easily overturned. Give reasons for your opinion. 

6. A common toy consists of a small man-like figure to the 
lower end of which is attached one-half of a spherical leaden bullet. 
The toy always comes to rest with the figure in an upi%ht pofiiition, 
however it may be displaced. Why ? 
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} Bit on ft horizontal bar than 

7. For what reason are the logs of a three-l^god stool spread 
ontwordB ! t^ote that the base of the stool, with respect to its 
stability, is the figure formed by passing a piece of string around 
the lege at the ground-level.) 

8. The centre of gravity of the moving parts ol a chemical 
balance ia always situated at a point near and vertically below the 
centre knife-edge. Why T How would the balance be afiected if 
ita centre of gravity were (a) exactly at the middle point of the centre 
knife-edge; (6) at a point immediately over this middle point; 
(e) at one aide of the middle point ? 



CHAPTER VIII 

WOEK, POWER, AND ENEEGY. 
THE NATITBB OF HEAT 

73. In Chapter m a force was defined as that 
which produces or tends to produce motion in a body. 
If the force actually does produce motion, and the 
point of apphcation of the force moves in the direction 
of its line of action, the force is said to do work on the 
body. We measure the quantity of work done by 
finding the product of the force and the distance through 
which its point of application moves as described above. 
Thus a man pushing a wheelbarrow along a garden 
path is doing work on the wheelbarrow. The force 
exerted in this case is the muscular force applied by 
the man in a horizontal direction, its points of applica- 
tion lie at the endS of the handles of the barrow, and the 
distance through which the point of application moves in 
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the direction of the line of action of the force is the 
diBtsince the barrow travels. If this distance be 10 yards, 
a certain amount of work is done by the man's muscles 
on the barrow, while wheeling the barrow over twice 
that distance involves doing twice as much work. 
Again, suppose that a weight of 14 lb. be raised from 
the floor to the top of a table. A definite amount of 
work must be done in order to effect this. Raising 
a weight of 28 lb. through the same height will cause 
twice as much work to be performed. Further, if the 
14 lb. weight be raised from the floor to a shelf at a 
height twice that of the table, twice as much work 
must be done as was required to raise it to the table-top. 

74. Since work is a measurable quantity, units have 
been chosen in which to express the values of different 
quantities of work. The common British unit is " the 
work performed in raising a weight of 1 lb. against 
the resistance due to gravity through a vertical distance 
of 1 foot". This quantity of work is called a " foot- 
poimd". In lifting a 14 lb. weight from the floor to 
the top of a table 3 feet high, the amount of work 
done is (14 x 3) = 42 foot-pounds. A similar unit 
derived from the Metric System is the kilogram-metre, 
i.e. the work done in raising a weight of 1 kUogram 
through a vertical height of 1 metre. 

We have defined the work done on the body by the 
force above, but it does not always happen that the 
point of application of the force moves in the direction 
of the line of action of the force. Thus a man may 
pull at the end of a rope, attached to a moving motor- 
car, in the opposite direction to that in which the car 
is moving, but may find that this does not stop the 
car, and in this case the man is dredged alor^ by the 
car. The point of application of the man's muscular 
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force is the end of the rope, and the work done by the 
body — i.e. the moving oat^-agaiTist the force exerted 
by the man is measured by the product of the force 
into the distance through which the end of the rope 
travels. It will be seen that the force brought into 
play by the man tends to produce motion in the car, 
but this tendency is overcome by the resistance afforded 
by the force which propels the car in the opposite 
direction. 

76. Another point deserves attention. If a 14 lb. 
weight be allowed to fall from the top of a table 2 ft. 6 in. 
high to the flooFj the work done by the force of gravity 
on the weight is (14 x 2J) = 35 foot-pounds. The 
weight may, however, be removed from the top of 
the table to the floor by another route. For instance, 
it may be caused to slide down a smooth board sloping 
from the table-top to the floor. The actual distanoe 
travelled over by the we^ht ia then greater, but the 
distance moved over by the point of apphcation of 
the force of gravity — i.e. the centre of gravity of the 
14 lb. weight— tTi the direction of the line of action of 
the acting force is the same as before, viz. 2^ ft. Thus 
the work done by the force of gravity is the same, 
and is independent of the actual path taken by the 
weight in moving from the table-top to the floor. 

76, A new idea is introduced when we consider 
the time taken to perform a given quantity of work. 
Thus the 14 lb. weight we have just been dealing with 
may be raised 3 feet in the air in 1 second or in 3 minutes. 
The work done in either case is 42 foot-pounds, but 
the rates of doing it are very different. Taking the 
second as the unit of time, the rate of working in 
the former case is 42 foot-pounds per second, while 
in the latter it is 42 foot-pounds per 3 minutes, or 
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■^ foot-pounds per second. Bate of working is termed 
" Power ", and, aa indicated above, is measured by 
dividing the work done by the time taken to do it. 
The unit of power in use in Engineering is the " Horse- 
Power ", and an engine or other body capable of doii^ 
work is said to be of 1 Horse-Power when it can perform 
work at the rate of 550 ft.-lba. per second. The 
corresponding unit in the Metric System, the kilowatt, 
is about I H.P, 

ExercUe for Sttidenl. 

A ton of coak is raised from the hold of a ship to the wharfside 
in 25 seconds. If the iKittom of the hold ia IS ft. below the aide 
of the wharf, how manj horse-power is required to raise the cool t 

77. A man sitting still in a chair ia doing no external 
work, yet we know that he ia capable of doing it under 
suitable conditions. An engine with steam up ia in 
similar case. Both have a capacity for working, the 
man by virtue of hia muscular development, the engine 
through the expansive force of the steam produced in 
its boiler. The name given to the capacity for doing 
work is " Energy", and the man and the engine are 
said to possess a store of energy. It is only by the 
expenditure of some part or all of that store that 
either can perform work. 

It is usual to distinguish enei^ as being of two 
kinds. Thus our 14 lb. weight, when on top of the 
table, possesses energy by virtue of its position. During 
its fall to the floor, it may be cauaed to do work by 
attaching a cord to it, the other end of which is con- 
nected with clockwork whereby a fan may be rotated, 
or other form of work done. The work done by 
gravity on the weight overcomes the reaistance of the 
moving parts of the mechanism, and work is thus 
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performed. The enei^ poasessed by the weight because 
of its position is termed " Potential Enei^ ". As long 
as the we^ht remains on the table, no work may be 
done by it, but it can do a certain amount of work 
during ita fall. 

Suppose the weight to be on the table as before, 
A nail may be placed in such a position that the weight 
will strike the head of the nail if it be allowed to fall 
from the table. On letting the weight fall, it will 
drive the nail into the floor for a distance which will 
depend on the nature of the floor and the sharpness 
of the point of the nail. That is to say, the force 
apphed by the moving weight will overcome the 
resistance offered by the material to the passage of 
the nail, and the point of application of this force — 
the head of the nail — wiU move a certain distance 
in the direction of the line of action of the force, i.e. 
vertically downwards. Thus work will be done. The 
moving weight, at the instant of hitting the head of 
the naU, evidently possesses enei^ by virtue of its 
motion. Such energy is termed "Kinetic Energy". 

78. A few other examples of bodies possessing 
potential enei^ are : 
(a) A bent bow. 
(6) A freshly wound watch-spring. 

(c) The weight of a Dutch clock while the clock 

is goii^. 

(d) The mueclea of a runner about to start in 

a race. 

(e) The water in a mountain lake. 

(/) The coal stored in the bunkers of a ship. 
Exercise, for Stvdenl. 
Try to itccount for the possession of potential energy by these 
bodies by reaaoning from what has been already stated. 
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All moving bodies possess kinetic energy to a greater 
or less extent, but a few examples of such bodies as 
are capable of doing what is usually termed " work " 
(by which we understand in ordinary affairs work 
useful to man) are subjoined : 

(o) The water of a river. 

(6) A stone just before it leaves a sling. 

(c) A smith's hammer as it nears the anvil. 

(d) The hot air arising from a gas-flame. 

(e) A circular saw, when in use. 

79. A body may possess both kinds of energy at 
one and the same time. The water at the top of a 
waterfall is moving at a certain speed and hence pos- 
sesses kinetic energy. By virtue of its elevated position 
at the top of the f^, it is capable of doing work during 
its fall to the bottom of the fall, i.e. it has a store of 
potential enei^y in addition to its kinetic energy. At 
the bottom of the fall, the water has lost the potential 
energy due to its position, but is moving much faster 
than it was before falling. That is to say, it has gained 
kinetic energy during its fall, and we find that, if 
measurements of both the loss of potential energy 
and the gain of kinetic enei^ be made, they are 
equal in magnitude. The potential energy is not lost, 
but merely transformed into kinetic energy. This 
relation between the loss of one kind of energy and 
the simultaneous production of an equal quantity of 
another form of energy is of universal application. 
If we trace with great care a certain definite quantity 
of enei^ of any kind through a series of manifestations, 
during which it suflEers any number of changes, we 
are able to show that, although none of the energy 
may be existing in its original form, exactly equivalent 
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amounts of other forms do exist as a result of the trans- 
formations undergone by the original supply. The 
production of sound, light, heat, and electricity are 
all manifestations of the change of the original energy 
into these widely varying forms. 

80. The change of kinetic energy into heat is well 
illustrated by the familiar schoolboy's experiment of 
rubbing a button vigorously on a wooden seat. The 
button may be easily rendered sufficiently hot by thia 
operation to cause considerable shock to anyone 
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receiving it unwarily from the experimenter. Skilful 
blacksmiths are said to be able to make a horseshoe 
red-hot by striking it repeatedly with a sledge-hammer. 
Another illustration of this change of kinetic energy 
into heat is afforded by the method of obtaining Sre 
still practised by some uncivilised tribes. A piece of 
hard wood, pointed at the end, is rotated briskly 
between the hands, with the pointed end pressed firmly 
against the surface of a small piece of wood of a softer 
character. By skilful manipulation the operator soon 
makes the softer wood begin to smoulder and glow. 
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and then, by carefully fanning the glowing portion, 
flame is at length obtained. 

SI. It haa been indicated in the precedii^ para- 
graphs that heat is a form of energy, or, in other words, 
that a hot body is capable of doing work, on account 
of its hotness. After the description and consideration 
of some simple experimentB dealing with hot bodies, 
the nature of heat will receive further explanation. 

Experiment 39. Arrange a poker, or other loi^ 
bar of metal, upon sete of wooden blocks as shewn 
in F^. 34. One end is kept in a fixed position by 
means of a 14 lb, weight, while the other rests upon 
a knitting-needle, which is lying on the surface of a 
sheet of glass placed on top of one of the wooden blocks. 
One end of the needle is thrust through the middle 
of a long straw so that the straw is at right angles to 
the needle. The hole in the straw must not be la^e 
enough to allow it to slip around the needle. Arrange 
the needle and straw in such a way that the straw 
is in a vertical position at the beginning of the 
experiment. Heat the middle portion of the poker 
by means of two or three good Bunsen burners. (If 
obtainable, a specially constructed burner, known as a 
Ramsay burner, which gives a Bunsen Same of a long 
flat shape, may be substituted for the ordinary Bunsen 
burners, as shown in the figure.) Soon after the 
heating has started, the straw will be seen to travel 
round in such a fashion that its top end moves forward 
in the direction of the end of the poker which rests on 
the needle. This movement of the straw will continue 
for some time, but at length it will reach a position 
in which it will remain practically steady as long as 
the heating with the original burners is maintained, 
Remove the binders and allow the poker to cool down. 
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The straw will slowly revolve in the opposite direction 
to that previously descrihed, and will at length come 
to rest in an approximately vertical position, with the 
same end at the top as was the case when the experiment 
was started. 

Since the straw cannot sHp round the needle, its 
motion must he caused by the rotation of the needle 
itaelf. This rotation is caused by the elongation of the 
poker under the influence of the heat supplied by the 
burners. The amount of lengthemi^ is small and would 
he overlooked if it were not multiplied in some way, as 
it is in this experiment by the straw-needle combination. 

If a bar of equal length to that used above, but 
made of another metal, such as brass, he substituted 
for the iron bar, similar observations will be made. 
If careful note be taken, however, of the number of 
revolutions of the straw in each case, these numbers 
will prove to be quite different for different metals. 
ThiB indicates that different solids expand to different 
extents when heated simi- 
larly. For instance, the brass 
rod win cause the straw to 
make about 1^ times as many 
revolutions as a rod made of 
iron. 

82. That the effect of 
heating a sohd body is not 
merely to increase its lei^h, 
but that it is also increased 
in bulk by being heated, may 
be shown by the following 
experiment : Kg. 36. 

Experiment 40. The apparatus required is that 
generally known as Gravesande's Ball and Ring. It 
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consists of a metal ball, which just passes through a 
circular hole in a flat metal plate mounted upon a 
stand. After testing the hall as to its ability to pass 
through the hole when cold, heat it in a Bunsen flame 
for about a minute. Again try to pass it through the 
hole while still hot. It will no longer go through, 
showing that its volume has been increased, with con- 
sequent extension of its circumference. 

83. To show that liquids occupy a larger volume 
when heated, perform 



ExFEEiMENT 41. Completely 
similar flasks, one with water, and 
the other with another liquid, say 
alcohol. Insert into the mouth of 
each flask a rubber stopper, fitted 
with a long straight piece of glass 
tubing passing through a hole in 
the middle of the stopper. As 
the stoppers are pushed in, the 
liquids should rise in the glass 
tubes for a short distance. Should 
this not be the case, the fitting 
of the stopper is not good enough, 
or the glass tube does not pro- 
perly fill the hole in the stopper. 
Remedy this and arrange the 
heights of the Uquids so that the 
upper surface is an inch above 
the top of the stopper. To see 
the movement of the hquids better, 
they may be coloured with a little 
indigo or other colouring-matter, 
and the glass tubes may be pushed 



fill each of two 
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I strips of ruled 



through slits made near the ends of 1 
paper, as indicated in Fig. 36. 

Place the two flasks, thus prepared, side by aide 
in the same vessel of water. Mark the positions of the 
liquid surfaces on the strips of paper. Giently heat the 
containing vessel and watch the behaviour of the liquid 
levels, marking the height to which each level attains 
when the alcohol, which will be noted as rising the 
faster, has nearly reached the top of the paper strip. 
The marking may be done most satisfactorily if the 
burner be withdrawn a short time before the alcohol 
rises to this he^ht, and the water in the outer vessel 
be well stirred. Allow the whole apparatus to cool 
down, when it will be found that, after some time, the 
liquids r^ain their former levels (approximately). 

In accordance with our previous observations with 
regard to the behaviour of solids when 
heated, the glass flasks wfll increase in 
size when heated. The liquids, however, 
increase to a much greater extent, and 
hence we are enabled to distinguish 
clearly the fact of their increase in bulk, 
in spite of the augmented capacity of the 
flasks. 

Exercise }ot Student. 

If the movement of the water-level in the 
above experiment be watched with great care, it 
is aeea to fall slightly before the rise already men- 
tioned. Why t 

84. Another easy experiment will be 
sufficient to supply us with information 
concerning the effect of heat upon the 
volume of a gas. 
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Experiment 42. Pour into a small flask enough 
coloured water to cover the bottom of the flask to a 
depth of half an inch. Fit the flask with a rubber 
stopper through which passes along glass tube as shown 
in Fig, 37. The end of the tube should dip into the 
Hquid at the bottom of the flask. In this way the air 
contained in the flask is out oS from the outside air. 
Arrai^e a paper strip behind the tube as described in 
the last experiment. Gently warm the flask and its 
contents by placing the hand around the upper part of 
the vessel. The coloured liquid, will be seen to rise 
rapidly in the tube. This rapid movement indicates 
that the air inside the flask has been largely increased 
in bulk by the heat supphed by the warm hand. 
The flask and the water have, of course, also gained 
shghtly in volume, but our previous work has been 
sufficient to lead us to the conclusion that these 
slight alterations, produced by the contact of the 
hand, are not likely to account for the considerable 
expansion that evidently occurs. 

If the air be displaced from the interior of the flask 
by passing in coal-gas from the bench-supply for about 
a minute, and the experiment be then repeated, it will 
be found that the coal-gas also shows great gain in 
bulk when heated in similar fashion. 

Summarising the observations made in the course of 
the above experiments, we have 

(o) All bodies, whether solid, liquid, or gaseous, 
expand when heated. 

(One rather important exception to this rule will 
be dealt with fully in Chapter xvil.) 

(6) The expansion produced is most marked in 
the case of gases, less with hquids, and least with 
soUds. 
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(c) Solid bodies made of different substancea 
expand to difEerent extents when similarly heated. 

{d) Liquids also vary with respect to the increase 
shown when heated under similar conditions. 

We have not yet rasAe any experiment with gases 
from which we can strictly compare their behaviour 
when similarly heated. For the present we may state 
that equal volumes of all gases show increases of volume 
which are practically identical when their temperatures 
are raised by equal amounts. 

Condensing our observations into a single statement, 
this is as follows : 

One effect of heat upon bodies is to increase their 
volumes. 

85. Some further experiments will afEord us infor- 
mation with regard to another notable change in a body 
which may be brought about under the influence of 
heat. 

Experiment 43. Fill a small porcelain dish with 
lumps of ice. Heat the dish over a small Bunsen 
flame and note the effect produced on the ice. Continue 
the heating till the water boils. Boil it steadily, so that 
no Uquid can spirt out of the dish. When no further 
change can be noted, remove the burner and examine 
the contents of the dish. 

If clean ice be used, some of our observations will 
be that the soUd ice becomes liquid water, that the 
liquid, after further heating, disappears, and that no 
appreciable quantity of matter is left in the dish. 
Since we are unable to see the substance into which the 
ice is finally changed, we might incorrectly infer that 
the matter contained in the ice no longer exists. This 
is not the case, however, and the matter of the ice is 
still in existence, after the completion of the experiment. 
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as an invisible vapour diffused through the air of the 
room in which the experiment is carried out. This 
vapour we know as steam, and, by holding a clean 
cold object over the dish while the water is boiling, 
some of the steam may be recovered in the fonn of 
water, which forms small drops on the outside of the 
cold object. 

By similar treatment of other solids, it may readily 
be shown that, in many cases, the application of heat 
causes them to assume the liquid form, which may be 
again transformed into a solid by allowing the liquid 
to cool. Again, most liquids, when heated, may be 
caused to assume the gaseous state, and, on cooUng, 
become Uquid once more. 

As the general result of the above considerations, 
we may say that 

Another effect of heat upon bodies la to bring about 
a change in the state of matter in which they exist. 

86. ExPEHiMEBT 44. Into a small test-tube put 
about 1 gram of the red powder called red oxide of 
mercury. Heat the end of the tube containing the oxide 
in a small Bunsen flame. The first change noted will 
be that the powder assumes a darker hue, becoming 
brown and finally almost black. Stop the heating at 
this stage and allow the tube and its contents to cool. 
The oxide will slowly change in colour once more, the 
changes taking place in the reverse order to that first 
noted, until its appearance is not distinguishable from 
that of some of the same powder that has not been 
heated. Heat up the oxide again, and continue heating 
after the colour has reached its deepest shade. Ignite 
a thin splinter of wood in the flame, blow out the flame 
of the wood, and insert the still glowing end of the 
splinter into the upper end of the tube. It will be 

9—2 
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found to burst into flame, and to hxan with greater 
brilliancy than was the case when it was biuming in 
air. The partial extinction and re-ignition of the sphnt 
may be effected several times — in fact, as long as there 
remains any powder at the end of the strongly heated 
tube. When all the powder has disappeared, dis- 
continue the heating, and examine the walls of the tube 
just above the portion which has been heated. A thin 
silvery metaUic deposit is to be seen, which, on being 
rubbed with the end of the splint, collects into small 
globules easily recognised as quicksilver or mercury. 




<^vp 



HI 



C:>c> 



Fig. 38. 

In this case, two effects of the action of heat have 
been shown. The first was the change of colour, the 
second the disappearance of the original substance and 
the simultaneous appearance of two new bodies, the 
gas which re-ignited the glowing splint and the mercury 
left in the tube. The former change resembled those 
previously observed regarding the action of heat upon 
bodies, in that the body was not completely altered 
by the change, but could he readily recognised as the 
same substance after the withdrawal of the disturbing 
eSeot of the heat. Such changes are distinguished as 
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' ' physical ' ' changes. In the latter change in the mercury 
oxide, however, the mereury oxide ceases to exist as 
such, and by no simple means, such as the withdrawal 
of the source of heat, may it be ^ain produced from 
the new bodies obtained from it. Changes of this 
character are called " chemical " changes. Hence a 
further general statement may be made as follows ; 

A third effect of heat upon bodies is to cause the 
formation firom them of entirely distinct bodies. 

87. It may be readily shown that work may be 
performed during each kind of chaise mentioned above, 
or, in other words, that heat is a form of enei^y. Thus, 
when a body is caused to expand by the application 
of heat, very great force may be produced, and similarly, 
when the body cools, equally great forces may be 
broi^ht into play. An example of this is seen in the 
method sometimes used for strei^bening old brick- 
work. On old walla one may- see straps of iron of the 
shapes shown in Fig. 38. In the middle of each strap 
is a nut which travels upon a screw thread worked on 
the end of a long iron rod passing through the wall, 
and provided at the other end with a similar strap and 
bolt which axe affixed to the opposite wall of the house. 
The object of this arrangement is to prevent the walls 
of the house from falling outwards, and the manner 
in which this is effected is as follows : The rod is 
placed in position with the straps and nuts loosely fitted 
upon its ends. It is then strongly heated with a conse- 
quent increase in lei^h. WhUe still very hot, the nuts 
are screwed home as tightly as possible. The source 
of heat is then withdrawn and the rod allowed to cool. 
In cooling it contracts and the force of contraction is 
sufficient to counteract the bulging of the walls, thus 
rendering the house a safer habitation. 
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The change of water into steam is attended by an 
enormous increase of bulk, the eteam produced from a 
given volume of water occupying more than 1600 times 
the volume of the water from which it was formed. 
If the water be boiled in a confined space, such as the 
boiler of a steam-ei^ine, great increase of pressure 
results as a consequence of the production of steam, 
- and it is this pressure which sets in motion the movable 
parts of the engine and causes it to perform work. 

That chemical change, when effected by heat, is 
also capable of doing work may be easily grasped when 
one considers the result of the explosion of a blasting 
cartri(^e, loaded with dynamite and packed tightly 
into a small hole drilled into the rocks in a quarry, 
when the burning end of the fuse attached to it trans- 
mits heat in sufficient quantity to cause the constituents 
of the dynamite to change into new bodies. Most of 
these are gases and occupy many thousand times the 
volume of the ordinal explosive. Theu- sudden pro- 
duction, assisted by their very considerable expansion 
imder the influence of the large quantity of heat 
simultaneously hberated during the chemical change, 
is enough to spUt open even the hardest rocks. 

In conclusion, we will emphasise the general in- 
ference obtainable by consideration of the matters dealt 
with in this chapter, viz. 

Heat is a form of energy. 



QUESTIONS 

1. A CflindricEil leaden clcx^-weight, 6* long, weighs 12 lb. 
When the clock is fully wound up, the bottom of the weight ia 8 ft. 
4 in- from the floor. Expreaa the potential energy lA the weight 
in this position in foot-ponnda. 
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2. Classify the following bodies as possessing (a] kinetic energy; 
(6) potential energy: (c) both kinetic and potential energy; 

( 1) A sack of flour on a man's back. 

(2) The arms of a windmill in motion. 

(3) A barrel of gunpowder on the top of a wall. 

(4) A kite suspended in tbe air a.t the end of a string. 

(5) A kettle full of boiling water resting on the top of a kitchen 

(6) A rifle-bullet just leaving the muzzle of tbe gun. 

3. Why do the bars of a flie-grate usually fit loosely in their 
sockets T 

enp 

6. Straight lengths of railway line, if laid in tlie wint«r with 
the end of each length pressed closely against those of its neighbours. 
beeome bent during the hot weather of summra. What is the reason 
of this T 

6. What kind of energy is possessed by the fire in a range ? 
Give the reason for your opinion as fully and clearly as you can. 



CHAPTER IX 

TBMPBRATtTRE. THERM0MBTBR8 

88. In everyday life we speak of one body being 
hotter or colder than another, and our opinion is in 
general based upon information afforded by our bodily 
senaatione. No difficulty ia experienced in ju<^ing by 
this means whether a red-hot lump of coal is hotter 
than a kettle-lid, or a piece of ice colder than a cup of 
tea. It is far from easy, however, to determine by 
touch whether one glass of cold water is exactly as 
cold as another. Further, it is possible to obtain 
contradictory evidence on this point with reference to 
whether a body is hot or cold by asking the opinions 
of different people, and the same person will not always 
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give the same opinion with regard to the same body 
in. the same condition with respect to its hotnesa. A 
frequently quoted experiment may be performed in 
illustration of this. 

ExFEEiMBNT 45. Procure three bowls, such as are 
in common use for kitchen purposes. In one pour some 
water as hot as the hand is capable of bearing, into 
the second some cold water from the tap, and into the 
third a mixture of equal parts of the hot and cold water. 
Put the right hand into the hot water, and the left 
into the cold. AUow each hand to remain in the water 
until no special feeling of heat or cold is to be noticed 
in either case. Remove the hands and plunge both 
into the third bowl. The right hand will provide the 
information that the water in this bowl is cool, while 
the left gives the impression that the same water is 
distinctly warm. 

From what has been shown in this experiment it 
is clear that one's bodily sensations are not trustworthy 
guides in the matter of measuring the degree of hotness 
of a body. Many instruments have been devised by 
which this measurement may be eflEected with greater 
accuracy, the one in most general use being the mercury 
thermometer. (Gr. thermos, heat.) In this instrument 
and in the alcohol thermometer advantage is taken of our 
earlier observation to the effect that Uquids in general 
expand under the influence of heat to a greater extent 
than sohds. 

89. A thermometer consists essentially of a long 
glass tube of fine bore, upon one end of which a bulb 
has been blown, and the other end of which is sealed. 
At ordinary temperatures the bulb and part of the 
stem are filled with mereiury, the remainder of the stem 
being empty, save for a minute quantity of the vapour 
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of mercury. When the thermometer ia placed in 
contact with a body hotter, than itself, heat is given 
up to the thermometer by the hot body, and the 
mercury expands and hence rises in the tube. On the 
other hand, when brought into contact with a body 
colder than itself, the thermometer gives up heat to 
the body, with the result that the volume of the mercury 
becomes less and the thread of liquid in the tube sinks. 



Fig. 39. 

The method of construction of a thermometer is 
of interest since it introduces some applications of 
principles previously investigated. The making of a 
mercury thermometer is too delicate an operation for 
general practice, but the method is similar to that 
described in the next experiment dealing with the 
construction of an alcohol thermometer. 

Experiment 46. A piece of thick-walled glass 
tubing of fine bore — usually called " capillary tubing " 



igitized by Google 



138 Domestic Sdence 

—about 20' long must first be procured. Heat the 
tubing at a point about 2' from one end in a Bunaen 
fiame, the tubing being held as shown in F^. 3d. 
During the heating the tube should be rotated back- 
wards and forwards between the fingers so that it is 
evenly heated throughout. When the heated portion 
of the glass has become thoroughly aoft, remove it 
from the flame, and gently pull each end of the tube 
in a horizontal direction till the softened part has 
been stretched into a small thin tube about- 6 to 8 
inches long. Allow the tube to become quite cold. 
Cut the tubing by making a scratch on it with a sharp 
file at the end of the drawn-out portion nearest the 
longer part of the tube, putting a thumb and forefinger 
on each side of the scratch, with the mark on the side 
of the tube away from the body, and snapping the glass 
as one breaks a small twig. The longer piece of 
tubing will then present the appearance shown 
in Fig. 40, A bulb is next blown at the 
pointed end of thia tube by carefully carrying 
out the following instructions. Heat the 
pointed end by holding it just above the blue 
inner cone of a strong Bunsen fiame, con- 
tinually rotating the tube as before. The 
end of the tube will become closed by the 
glass, when sufficiently softened, gradually 
forming a small semi-liquid drop at the end of 
the heated part. At this stage remove the 
tube from the fiame, and gently blow with 
the mouth at the open end of the tube. As 
the tubing cools, the strength of the blast *%■ *0. 
may be increased. This should result in the 
formation of a smaU swelling at the closed end. 
Repeat the heating tm the tube is again thoroughly 
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softened, blow as before, and the small bnlb should 
become somewhat larger. These processes shonld be 
repeated till the bulb obtained is about Y ™ diameter, 
and its wall is of even thickness. The latter point 
may be tested by gently knocking various parts of the 
bulb upon the top of the bench, when the bulb has 
cooled down. The nature of the sound produced 
will vary if different parts of the wall are of different 
thicknesses. The production of a good bulb requires 
some care and it may be found that two or three 
attempts will have to be made before a really satis- 
factory one is obtained. Special attention must be 
paid to the direction to continue the heating till the 
glass is thoroughly softened, as it is useless to attempt to 
blow a bulb from insufficiently heated glass. 

Next draw out the other end of the tube at a point 
about 2' from the end in the manner already described. 
Cut off the thin tube close to the shorter piece of tubing. 
Bend the thin tube near its jimction with the thick-walled 
part by heating it at this 
point carefully, removing it 
as soon as it shows signs 
of softening, and gently 
bending it into the shape 
indicated in Fig. 41. Ar- 
range the apparatus as in 
the figure. The bulb is im- 
mersed in a beaker of water, 
while the open end of the 
tube dips into a small beaker 
containing freshly distilled 
alcohol to which sufficient 
colouring-matter, such as 




Fig. 41. 



litmus, has been added to render it more clearly visible 
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when in the tube. Heat the wat«r in the larger beaker 
to boilii^. Bubbles of air will escape through the 
coloured liquid as the water becomes hot. After the 
water has boiled for half a minute, remove the beaker 
and let the bulb cool down, leaving the open end of 
the tube under the surface of the alcohol. As the tube 
cools, some of the coloiued liquid will be seen to travel 
along the tube into the bulb. When this action appears 
to have ceased, replace the beaker containing the warm 
water, and again heat it to boiling-point. It will be 
found that the alcohol in the bulb rapidly boils away, 
leaving the bulb and tube appa-ently empty. Again 
remove the hot water, and allow the apparatus to cool. 
As before, the alcohol will be driven into the bulb and 
this time the bulb will be found to become almost 
entirely filled with the coloured liquid. By repeating 
the heating and cooling, it is possible to expel 
all but the smallest trace of air from the bulb 
and tube. Let the bulb and tube cool down 
at this stage till it no longer appears warm 
to the hand, leaving the open end of the 
tube under the alcohol as before. We will 
suppose that it is desired to show on the 
finished thermometer the ordinary tempera- 
tures experienced in this country. To this 
end, surround the bulb with water at a tem- 
perature of about 40°, as registered by a 
Centigrade thermometer.' Stir the water well, 
and after leaving the bulb in the warm water 
for a minute, seal off the upper end of the 
thermometer by applying a small blowpipe *''8- *^- 
fiame to the end just beyond the tapering part. (Instead 
of a blowpipe flame, the fiame obtained by unscrewing 
the barrel of a Bunsen burner, and Ughting the gas at 
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the fine jet, may be used. A Same about 1" high will 
be found most convenient for the purpose.) As soon 
as a satisfactory seal has been obtained remove the 
warm water and allow the thermometer to cool. By 
cautiously heating the glass at the sealed end in a small 
flame, with constant rotation, a small ball of glass may 
be formed, which will give a better finish to the 
thermometer. It will then have an appearance similar 
to that shown in Fig. 42. 

To graduate our instrument, it should be placed with 
its bulb in a quantity of finely pounded ice, as illustrated 
in Fig. 43. Allow-it to remain in the ice for some minutes, 
noting at intervals of one minute the position of the 
upper surface of the fiquid. When no further fall 
has occurred between two such observa- 
tions, mark the level of the alcohol by 
making a l^ht scratch on the glass with 
a sharp file. This point will mark for 
future work with the thermometer the 
melting-point of ice, and may be called 
the zero of our scale. To obtain some 
further points on the scale, place the 
thermometer side by side with a Centi- 
grade thermometer in the same vessel 
of water, and, by adding small pieces of 
ice (if necessary) adjust the temperature 
of the water to 10° C. The water must 
be stirred continuously, so as to be of the 
same temperature throughout. When a steady tem- 
perature of 10° has been attained, mark the level of 
the alcohol as before. By gently heating the water 
to 20° C. and 30° C. in turn, further points on our 
scale may be marked. The intermediate divisions 
may be marked off by dividing each part of the 



B^. 43, 
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tube between the marks already made into 10 equal 
parts. 

The actual method of making a mercury thermo- 
meter is very Bimilar to that described above, but 
precautions are taken with regard to the evennesa of 
the bore of the tube, the dimensions of the bulb in 
relation to the bore, and the expulsion of the last 
traces of air in the filling, which are not necessary in 
the performance of an experiment such as ours, in 
which the illustration of the processes used rather than 
the production of a standard article, is the chief point 
to he considered. 

90. We obtained one of the points on our scale 
by finding the level at which the liquid stood in the 
bore of the thermometer when the bulb of the latter 
was completely immersed in melting ice. The corre- 
sponding point on the scale of a mercury thermometer 
is obtained in a simUar manner. 

Experiment 47. Check the accuracy of the freezing- 
point as marked on the laboratory thermometers by 
repeating that portion of the preceding experiment 
dealing with the determination of this point, replacing 
the alcohol thermometer by each of those to be tested 
in turn. Allow each to remain in the ice till the mercury- 
level remains steady for two minutes and note the 
actual reading on the scale when this occurs. According 
to the method of graduation adopted, the readings 
should be 0° for a Centigrade, and 32° for a Fahrenheit 
thermometer. Unless the thermometers tested are 
expensive ones, it will probably be noted that the 
actual readings are slightly greater than they should be. 
This is due to the fact that the bulb continues to con- 
tract for a very loi^ time after the making of the 
thermometer, and hence the volume of mOTCury it can 
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contain is lessened, with the result that some is driven 
into the capillary tube. 

91. A second fixed point is obtained on a mercury 
thermometer by noting the level to which the hquid 
rises when the instrument is immersed in the steam 
from boiling water. This point could not be marked 
on our experimental thermometer, since alcohol boils 
at a lower temperature than water. To check the 
boiling-points of the laboratory thermometers, we will 
do 

Experiment 48, Arrange the apparatus shown in 
Fig, 44, The best check is obtained when the boihng- 
point of the instrument — 100° C, or 212° F. — ^juat 
appears above the cork. Heat the 
water until "it boils freely, and 
allow boiling to continue till the 
top of the mercury column in the 
thermometer has remained steady 
for two minutes. The readings 
should be very close to those quoted 
above, but slight variations may 
be noted, which may possibly be 
due to the decrease in the capacity 
of the bulb already mentioned, or 
to the pressure of the laboratory 
beii^ above or below the standard 
pressure, 760 mm. 

If the behaviour of the liquid 
be carefully watched during this 
experiment, it will be noted that 
small bubbles are formed at an 
early stage of the heating, chiefly 
upon the bottom of the flask. These 
gradually increase in siae and at 
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length detach themselves from the interior of the 
vessel and rise to the top of the hquid. The bubbhng 
thus produced must not be mistaken for boiling. 
The small bubbles are not bubbles of steam but 
of air, which was dissolved in the water and is driven 
out of solution by heating the liquid. At a later stage 
somewhat larger bubbles may be seen to form at the 
bottom of the Sask and to rise a short distance, but 
not to reach the top of the water. These are the first 
steam-bubbles, which are formed at the hottest part 
of the hquid but are condensed to water again on 
coming in contact with the cooler water during their 
upward passage. These bubbles of steam become larger 
and more numerous as the heating proceeds and rise 
to a greater height before collapsing. At length the 
bubbles reach the top of the liquid and burst there. 
As soon as steam is thus escaping freely at all parts of 
the surface of the liquid, the true 
" boiling-point " has been reached. -^ 

In order that the steam may thus 
reach the surface of the water and 
pass freely into the apace above it, 
the pressure of the steam must be 
at least equal to that of the air which 
fills this space, or the air will not he 
pushed away by the steam. 

Boiling, or " ebulhtion ", must be 
distinguished from "evaporation". 
In the latter process the formation 
and escape of vapour take place only 
at the free surface of the liquid, while 
during ebullition steam is formed in all parts of the 
water. Ebullition occurs at a certain temperature, 
dependent upon the exterior pressure on the surface of 



Fig. 45. 
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the liquid ; evaporation takes place at all temperatures 
though much less rapidly at lower temperatures. 

92. To show how the boihng-point of a Hquid is 
affected by variation of the pressure to which its vapour 
is Bubiected, two simple experiments may be performed. 

Experiment 49. Fit up the apparatus illustrated 
in Fig. 44, and attach the outlet tube to the end of the 
long bent tube which dips under the surface of the 
mercury in a jar to a depth of about 20 cm. as shown 
in Fig. 45. Heat the water in the flask to boiling-point, 
and note the reading of the thermometer when the 
water is boiling freely. It will be found to be some 
6 to 7 degrees h^her than that previously observed 
when the water was boiling under atmospheric pressure, 
ExerdK for StudetU. 

U the atmospheric pressure at the time of the experiment be 
760 mm., and the end of the tube is at a depth of 20 cm. below 
the surface of the mercury, under what pressure ia the water boihng ? 

Experiment 50. Obtain a welt-made round-bot- 
tomed flask. Half liU it with water and heat the 
water till it boils, WhUe stiU boiling, remove the 
source of heat and quickly 
insert a weU-fitting stopper. 
Invert the flask upon a tripod 
stand as shown in the accom- 
panying figure. When no more 
bubbling takes place pour cold 
water over the outside of the 
flask. This will cause vigorous 
boiling to take place. When 
no more bubbles appear, show- 
ing that boiling has again 
ceased, pour a further supply 
of cold water over the flask. 




Fig. 40. 
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Further boiling at once takes place, and this phei 
may be caused to occur several times. 

It will be well to consider rather closely what 
happens in this experiment, in order to account for 
the strange fact that cooling the flask makes the water 
start boiling again. At the instant of corkii^ the flask 
the upper portion of the latter is filled almost entirely 
with steam, the small remaining portion being air which 
has not been completely expelled by the steam. When 
cold water is poured over the bottom of the flask, some of 
this steam, which is in the vaporous condition, is rapidly 
condensed to water, and this water only occupies an 
extremely small volume as compared with that of the 
steam from which it was made. The pressure of the 
remaining steam above the water is much less than that 
previously exerted by the whole quantity of vapour 
or^nally present. To restore in some part the original 
conditions, some of the water is vaporised, with the 
consequent appearance of bubbles of steam in the liquid. 
Further disturbance of equilibrium by repetition of the 
cooling is followed by a further outbreak of ebuUition. 

The important observations made in Experiments 49 
and 50 may be summed up thus : 

The temperature atwhlch a liquid boils is dependent 
upon the pressure to which its fVee surface is subjected, 
increase of pressure raising the boiling-point, while 
diminution of pressure has the opposite effect. 

93. The two fixed points — the melting-point of ice 
and the boiling-point of water — having been marked 
upon the scale of a mercury thermometer, the space 
between these two points is divided into a number of 
equal parts, called degrees. Two scales are in use in 
this country. In that found on most thermometers in 
domestic use, the number of d^jrees between freezing 
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and boiling points is 180. Tlie freezing-point is 
marked 32° and the boiling-point 212°. This scale is 
due to Fahrenheit, and thermometers thus marked are 
called by his name. The graduations are usually con- 
tinued above and below the fixed points to an extent 
which depends upon the purpose for which the ther- 
mometer is intended. In all scientific work a scale 
in which the freezing-point is marked 0° and the 
boiling-point 100° is used. This is the Celsius, or, as 
it is more commonly termed, the Centigrade, scale. 
A third method of graduation, due to Reaumur, is in 
common use on the Continent, more especially in the 
northern countries. In this the freezing-point is 
marked 0° and the boihng-point 80°. 

Temperatures below zero on any scale are expressed 
by counting the number of degrees from the zero mark 
in the opposite direction to that in which temperatures 
above zero are counted, such low temperatures being 
distinguished by prefixing the minus sign. Thus a 
temperature of 10° below the zero of the Centigrade 
scale would be written — 10° C. 

Temperatures expressed according to any one of 
these methods may be changed into their corresponding 
values on either of the other scales by noting that 

80° Reaumur = 100° Centigrade = 180° Fahrenheit, 
and that, in changing degrees Fahrenheit into either 
R^umur or Centigrade readings, 32° must be first 
subtracted from the Fahrenheit value, while, in effecting 
the reverse change, 32° must be added to the value 
obtained. 

Example : Transform 85° C. into degrees F., and 
15° F. into degrees R. 

{a) 85° C. = {85 X m)° F. = 153° F. 

10—8 
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To this must be added 32° F., giving as a result 
185° P. 

(6) Subtracting 32° F. from 15° F. gives - 17° F. 
- 17° F. (17 X ^)° R. = - 7-6° R. 

94. We have already spoken of heat being trans- 
mitted from one body to another, and one's daily 
experience is sufficient evidence that this transfer 
actually takes place. We have not yet considered, 
however, under what circumstances heat may thus be 
transferred, A little thought will convince one that 
it takes pla<:e whatever the materials, the sizes, the 
densities, and the physical states of the bodies. Thus 
a small body will give up heat to, or receive heat 
from, a larger one — a liquid may receive heat from, 
or supply heat to, a sohd — and so on. The condition 
which must be fulfilled in order that heat may pass 
from one body to another is that they must be at 
difEerent temperatures, i.e. one body must be warmer 
than the other. We are thus led to formulate the 
usual definition of temperature as follows : 

The temperature of a body is its condition with 
reference to its capacity for receiving heat from, or 
supplying heat to, other bodies. Those bodies Qrom 
which it receives heat are sfild to possess a higher 
temperature than the body itself, those which it 
supplies with heat are at a lower temperature, and 
those which neither receive nor supply heat are said 
to be at the same temperature. 

The interchange of heat is however regarded as a 
continuous process, and as going on between bodies at the 
same temperature as well as between those at different 
temperatures. In the latter case, however, the amounts 
of heat received and supplied by either body are equal. 
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and thus neither becomes hotter than at first. It will 
be noticed that during the passage of heat from a hot 
body to a colder one, the temperature of the hot body 
diminishes, while that of the cold one increaaes. Thia 
continues till both bodies are at the same temperature. 
Thus, when we determine the temperature of a body 
by placing a thermometer in contact with it, the 
instrument receives heat, if the body be warm, and 
the final temperature recorded on the thermometer wiU 
be that at which the quantities of heat interchanged 
are equal. This will be evidently slightly 
lower than the original temperature of the 
body, but the error will in general be small, 
since most bodies treated in this way are 
considerably lai^er than the thermometer 
and the amount of heat lost in warming up 
the thermometer is comparatively little. This 
point will be more clearly grasped after reading 
the next chapter. 

95, Two useful modificationa of the ordi- 
nary thermometer merit special description. 
The clinical thermometer, of which Fig. 47 is an 
illastration, has a scale of short range, usually 
from 95° F. to 110° F. The degrees are further 
divided into fifths or tenths of a degree. The 
bore of the instrument is small, and, in order 
to enable the position of the end of the fine 
mercury thread to be read with ease, the shape 
of the section of the glass tube is such that 
the glass has a magnifying effect. A short Fig. 47. 
distance above the bulb of the instrument 
the bore of the tube is narrowed considerably. The 
purpose of this constriction is to prevent the mercury, 
which has passed into the part of the tube on which 
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the scale is marked, from returning to the biilb imme- 
diately the thermometer is removed from the mouth 
or armpit of the patient. The doctor or nurse is thus 
able to discover the body temperature of the patient 
after the removal of the clinical thermometer. To 
prepare the instrument for further use, it is held by 
the end further from the bulb and gently swung with a 
circular motion at arm's length. The thread of mercury 
is thus caused to pass the constriction into the bulb. 

Exercise for Slvdent. 
Detenuine suitable ranges of aoale for olinica] thermometeis in 
which the Centigrade and B^aumur scalee of temperature are used. 

The observation of the lowest or highest tempera- 
tures recorded in a given position during a known 
interval is often of service. For use in this connection, 
specially fitted thermo- 
meters are used, F^. 48 b a 
shows a portion of the =^^^^* 
stem of a thermometer -^ ^ 
designed to register mini- 
mum temperatures. The hquid made use of is alcohol 
and a small steel index, shaped Uke a dumb-bell, is im- 
mersed in the alcohol. The thermometer tube is placed 
in a horizontal position. The extremity of the alcohol 
column, in moving towards the bulb as the temperature 
falls, carries with it the index, since the resistance offered 
by the latter is insuf&cient to cause it to break through 
the surface of the Uqmd, On the other hand, a rise in 
temperature does not affect the position of the index, 
the alcohol passing freely without movii^ it. Thus the 
end of the index further from the bulb of the instrument 
shows the lowest point reached by the liquid, and hence 
the minimum temperature which has been experienced 
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at the place of observation, since the thermometer was 
last set. To set the index, a small magnet is passed 
along the tube in the direction away from the bulb, 
and the steel index follows it until the meniscus of the 
hquid is reached. 

Fig. 49 is an illustration of a portion of the stem of 
a maximum thermometer. 
Mercury fills the bulb and 
part of the stem, and a 
steel index, provided with 
spring-like ends as shown, 
is contained in the space above the mercury. The 
steel is not wetted by the hquid, and when the end 
of the mercury column in contact with the index moves 
along the tube while the temperature is risii^, the index 
is carried before it. On the retreat of the hquid durii^ 
a fall of temperature, the index retains its position. 
The end of the index nearer the top of the mercury 
column thus registers the maximum temperature re- 
corded during the period of observation. To reset the 
instrument, a magnet is used as indicated in the case 
of the minimum thermometer. The stem of this ther- 
mometer is also kept in a horizontal position. 

The above thermometers are known as Rutherford's 
minimum and maximum thermometers. In another 
form, both minima and maxima of temperature are 
registered by the same instrument. Six'a thermometer 
consists of a large bulb containing alcohol to which is 
attached a loi^ bent tube containing mercury in one 
bend as shown. Two small indexes, provided with 
springs, are placed in the alcohol at each end of the 
mercury column. The remainii^ portion of the tube 
and part of the cup at the top contain alcohol. 
Expansion of the alcohol in the bulb and first part of 
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the tube causes the further end of the mercury column 
to push the index in front of it till the temperature 
ceasea to rise. The index stays in its new position by 
virtue of the spring. Thus the temperatures r^fistered 
by the scale on the Umb further from the 
bulb are maxima. Similarly, the other i/'~\\ 
index ia pushed ba«k toward the bulb I \^ J 
during a drop in temperature, and the } " ' \ 
point on the scale at which its lower end 
comes to rest is the minimum tempera- 
ture experienced since the last setting of 
the index. The indexes are once more 
brought into contact with the ends of the 
column of mercury, after observations 
have been made, by means of a magnet. 

96. In Chapter vm it was demon- 
strated that gases undergo large changes 
of volume as the result of rise or fall of 
temperature. The measurement of the 
change of volume consequent upon a 
given change of temperature may be 
approximately estimated by performing 

ExFEBtUENT 51. Draw out a piece of capillary 
tubing as described in Experiment 46. Cut off the 
drawn-out portion so as to obtain a tube about 20' 
loi^, similar to that shown in Fig. 40." Pass dry air" 
through this tube for some minutes and then seal the 
pointed end, by heating it in a Bunsen or a blowpipe 
flame. Heat the tube thus prepared by passing a 
flame backwards and forwards along its length several 
times. While it is still warm, put the open end under 
the surface of some mercury in a dish and let the tube 
cool a Uttle, When a thread of mercury of about 
half an inch in length has entered the tube as a result 
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of the cooling, remove the end of the capillary from the 
liquid, and allow it to cool to the temperature of the 
room. At this stage the thread of mercury should be 
distant from the open end of the tube by about one- 
third of the length of the tube. Should the distance 
be less than this, heat up the tube once more for a 
somewhat longer time than formerly, and repeat the 
immersion in mercury and subsequent cooling to room 
temperature. Place the tube in a large vessel of 
water, a mercury thermometer being immersed close 
by, and after a minute read the temperature recorded 
by the mercury thermometer. Make a small scratch 
with a file on the capillary tube at the point reached 
by the lower end of the mercury thread under these 
conditions, the tube being held in a vertical position. 
Heat the vessel and water until the thermometer shows 
a rise of about 20°. Remove the source of heat, stir 
well and again read the thermometer and mark the 
tube aa before. Heat up the apparatus again tiJl a 
further rise of 20° is shown and again mark the tube. 
About four such determinations of the position of the 
lower end of the mercury thread may be obtained. 
These may be checked by allowing the vessel and its 
contents to cool with frequent stirring of the water, 
carefully observing whether the end of the mercury 
column reaches the same position as previously, when 
each of the temperatures at which the original observa- 
tions were made is attained during the cooling. 

If we neglect any slight unevenness in the bore of 
the tube and any small irregularity of shape at the 
closed end, the lengths measured from the closed end 
to the various marks made on the tube will be pro- 
portional to the volumes of the mass of air, imprisoned 
in the tube between the closed end and the imder 
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surface of the mercury, at the various temperatures 
noted. To obtain the amount of expansion of unit 
volume corresponding to a change of 1° in temperature, 
we proceed as follows : 

Suppose that the length of the air-column at 17° is 
13-8 cm. and that at 39° it measures 14'85 cm. Thua 
we have that volume of air represented by 13'8 increasing 
by (14'85 — 13'8) = 1'05 when the temperature is raised 
22°. The increase for a rise of 1" is 105 ^ 22 = -048 
(approx.). Each unit volume of air has increased by 
■048 ^ 13-8 = 0035 of its original volume at 17° for 
each degree rise of temperature. 

Perform similar calculations to the above for each 
pau- of temperatures registered in your experiment, 
using the original temperature as one of the pair, and 
find the mean value of the results. This should be 
of about the same magnitude as that found in the 
example given. 

97. By making the original temperature 0° by 
floating ice in the water till its temperature baa fallen 
to freezing-point, we may find how much unit volume 
of air expands when its temperature is raised by unit 
amount. Very carefid determinations of this quantity 
have been made, and its value has been shown to be 
O-OOSeeB, or, expressed as a vulgar fraction, ^J^. By 
replacing the air by other gases, it may be shown that 
the same value is obtained for all of them, with slight 
variations only. This observation may be put in the 
form of a general statement : 

All gases expand by 0*003665 of their volumes 
at 0° C. when their temperatures are raised by 

This statement ia true only when the pressure of the 
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gaa does not alter dnring the expansion, Bince alteration 
of pressure would cause change of volume on its own 
account and thus might counteract or augment the 
effect properly due to the beating aJone, Dalton in 
England and Charles in France independently dis- 
covered this regularity in the expansions of gases and 
the statement given above ia variously known as 
Charles's or Dalton's Law. 

98. Examples of the use of the law in calculations 
involving expansion or contraction of gases under the 
influence of heat may be best worked as below : 

(a) How much air will escape from a room 6 
metres long, 3 metres high, and 45 metres wide, when 
the average temperature of the room changes from 
10° to 21° ? 

Interior volume of room = 6x3 x4-5= 675cu.m. 
Each cubic metre at 10° will have at 0° a volume of 
IJf cu. m. Since the increase in volume of each eu. m. 
for a rise of 1° is jjj of its volume at 0°, each cu. m, 
at 10° will gain jjj x ij^f cu. m. for each rise of 1°. 
The total increase in volume will therefore be 



67-5 X 11 X j^j = 2-62 cu. m., 

i.e. this volume of air will escape from the room. 

(6) At what temperature will 100 cubic feet of 
coal-gas measured at 15°, become 101 cu. ft. ? 

By a similar line of argument to that used in the 
former example, it may be shown that each cu. ft. at 
15° gains in volume by ^^ cu. ft. for each rise of 1°. 
Hence the rise in temperature is (101 — 100) ^ ^ 
= 2'88° and the required temperature is 15 + 2'88 
= 17-88°. 

99. Let U8 next consider the decrease in volume 
of 273 c.c. of a gas at 0° when its temperature is lowered 
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below 0°. If we assume Charles's Law, the volume at 
- 1° will be 272 c.c, that at - 10° will be 263 c.c, 
that at — 100° wiU be 173 c.c, and so on. It is easy to 
see that continued application of this reasoning will give 
as the volume at — 273°. Long before this tempera^ 
ture is reached, most gases become liquids, and we 
know of no substance, however difficult it be to Uquefy, 
that remains in the gaseous state below — 268°. Liquids 
do not obey Charles's Law so that the decrease of the 
volume of a substance to nothing - is, as might be 
surmised, Impracticable. This temperature, — 273°, is 
of importance, however, since it is taken as the zero 
of a scale of temperature called the " Absolute " scale. 
The degrees on this scale are of the same value as 
those on the Centigrade scale, and Absolute temperature 
may be expressed on the Centigrade scale by subtracting 
273°, while the reverse operation must be performed 
to change Centigrade temperatures into Absolute. 
Thus 365° Abs. = 365 - 273 = 92° C, and - 24° C. 
24 + 273 = 249° Aba. 

By the utilisation of the Absolute scale of tempera- 
ture, Charles's Law may be expressed in a very simple 
form. Thus : 

The volume of- a given mass of gas is directly pro- 
portional to its Absolute temperature. 

100. We will conclude this chapter by describing 
a method of solving problems in which changes of 
volume of a gas, caused by changes of both pressure 
and temperature, are involved. 

A balloon with a capacity of 50,000 cu. ft. is 
filled with coal-gas at a temperature of 18° and under 
the atmospheric pressure of 765 mm. How many cu. ft, 
of gas will have escaped by the time it has risen to an 
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altitude at which the temperature is 9° and the pressure 
680 mm. 1 

Transforming the Centigrade temperatures into 
Absolute temperatures, they become 291° and 282". 
Sin<:e the volumes of gas are proportional to these 
temperatiires, the volume which 50,000 cu. ft. at 18° 
will have at 9° is 50,000 x l%\ cu. ft. 

Thia would be the volume, assuming that no 
pressure change were effected simultaneously with the 
alteration in temperature, and the pressure change 
miiBt be allowed for by multiplying the volume, cor- 
rected for temperature as above, by m, as required 
by Boyle's Law. Thus the volume which the coal-gas 
would occupy at 9° and 680 mm. is 

50,000 X ^ X Jt§ = 54,509 cu. ft. 

Assuming the capacity of the balloon to be un- 
affected by its ascension, it is evident that 54,609 
— 50,000 = 4509 cu. ft, of gas most have escaped from 
it. 

The above method, in which the changes of volume 
brought about by variations of temperature and 
pressure are considered consecutively, and the law 
governing each such change is directly invoked in 
finding the necessary correction in each case, is recom- 
mended in preference to methods involving the use 
of memorised formulae, in which mere substitution of 
the values of the quantities mentioned in the question 
for the various symbols in the formulae takes the 
place of reasoning based on knowledge of the properties 
of gaseous bodies. 
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QUESTIONS 

1. Devise and explain an experiment to show that, in deter- 
mining the temperature of a bod^, misleading evidence ma; be 
obtained by trusting solely to one's bodily sensations as a guide. 

2. To which state of matter do you consider the softened glass 
from which a thermometer bulb is blown to beloDg, and why ! 

3. Give reasons for the following observations made in Experi- 
ment 46 : 

(a) The escape of bubbles through the coloured alcohol when 
the bulb is placed in warm wat«r. 

(6) The pBMage of the alcohol into the tube and bulb when 
the heating of the latt«r is discontinued. 

(c) The Pilin g of the bulb being almost complete after ita 
second heating. 

4. The average temperature of human blood in the living subject 
is 98'4° F. Express this in degrees Centigrade and in degrees 
Reaumur. 

6. The boiling-points of mercury and of air are respectively 
357° C. and — 192° C, What are the corresponding temperatures 
on the Fahrenheit scale ! 

6. Suggest the probable reason for the statement that it is 
not easy to make a good cup of tea at the top of a high mountain. 

7. Which has the higher temperature — a gallon or a pint of 
boiling water I Support your opinion by writing out your arguments 
in favour of it. 

8. A vessel contwning hot water is placed under the receiver 
of an air-pnmp, and the pump put into action. What would yon 
expect to happen, and why t 

9. In a room without a fire the fender seems to be colder than 
the door, and the door colder than the carpet By what experiments 
would you test the aocaracy or otherwise of these observations ? 

10. At what temperature will the volume of a mass of air, 
which occupies 562 c.c. at 20°, become (o) 659 c.c. ; (6) 340 co. T 

11. A litre flask, fitted with a cork and delivery tube, is placed 
in a vessel and surrounded by melting ice, the end of the delivery 
tube being left op^i to the air. After ten minutes the end of the 
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tube ia placed nnder water beneath the mouth of a large jar filled with 
water, and the vessel containing the ice is heated. What volume 
of air at 20° will be collected in the jar if the heating be continued 
till the flask is surrounded bj boiling water t (The volume of the 
delivery tube may be neglected.) 

12. I g. of hydrogen at 0° and 760 mm. occupies 11-127 litres. 
What will be its volume (a) at 132° and 800 ram. ; (6) at - 132° and 
746 mm. f 



CHAPTER X 

HEAT AS A QUANTTTY 

101. In the last chapter it was shown that a tea- 
cnpful of hot water was as hot as a kettleful when 
neither quantity of water gave up heat to the other 
on being mixed. When preparing a hot bath, however, 
it would be of little service to add a teaeupful of 
boiling water to each gallon of cold water used, while 
a bath of suitable temperature may well be prepared 
by putting in a kettleful of boiling water for each 
gallon of cold, supposing the kettle of average size. 
Although the teacup and kettle contain quantities of 
water which are equally hot, their contents do not 
posaess equal heating power, or, in other words, the 
quantities of heat contained by the contents of the 
two vessels are not equal. 

To test the above statement, we will perform 

ExFEBtMENT 52. PouT into a beaker 100 c.c. of 

water from a measuring cylinder. Into another beaker 

measure out 500 c.c. of water and take its temperature. 

Heat the water in the first beaker, with constant 
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stirring, till it haa attained a temperature of 60° C, 
as shown by a thermometer. Pour the hot water 
quickly into the beaker containing the larger quantity, 
stir well, and note the highest temperature ceoorded by 
a thermometer placed in the mixture. 

Next heat 500 c.o. of water to 60° C. and pour this 
into 600 c.c. of cold water at as nearly as possible the 
same temperature as that previously used. Stir and 
again note the highest reading given by a thermo- 
meter immersed in the mixtnre. 

The temperature of the latter mixtm-e will be 
observed to be considerably higher than that of the 
former, thus showing that the larger quantity of hot 
water gave up more heat to the cold water than did 
the other, although both quantities of water were at 
the same temperature originally. 

From the above considerations, it is clear that the 
temperature of a body and the quantity of heat contained 
in the body are quite different things. The temperature 
is entirely independent of the mass of the body, while 
the heat-content is very materially affected thereby. 

ExFBBiMENT 53. PoUT 100 C.C. of cold Water into 
each of two beakers, and note the temperature in 
each case. Weigh a lump of lead {or other convenient 
metal) and place it in a third beaker. Pour into this 
beaker as many c.c. of water as the number of grams 
in the weight of the lead. Heat the beaker and its 
contents to a temperature of 60° C, with constant 
stirring. Remove the lead, quickly wipe it dry, and 
place It in one of the beakers containing cold water 
previously prepared. Stir well and note the tempera- 
ture reached by the water. Pour the warm water into 
the second supply of cold water, stir, and note the 
highest temperature attained. 
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It will be found that the reading in the case of the 
lead is much lower than that obtained with the hot 
water. Repeat the experiment with lumps of different 
substances, such as a lai^e glass stopper, a 100 g. 
weight, a large flint, and a quantity of mercury, using 
in each case a mass of hot water equal to that of the 
body. These will produce varying .increments of tem- 
peratm^ in the cold water, but each will cause a smaller 
increase than is produced by an equal mass of hot 
water. 

As stated in the last chapter, temperature is inde- 
pendent of the material of which a body is made. 
The above experiment indicates that the quantity of 
heat contained in different bodies of equal mass at the 
same temperature is not the same, i.e. that the quantity 
of heat is not independent of the material composing a 
body. Further it appears that a given mass of water 
at a given temperature contains more heat than any 
of the other substances tested, 

103. Since heat is a quantity, it may be measured, 
given a suitable unit of measurement. The unit 
commonly adopted is known as the calorie. This unit 
has been variously defined, but for our purposes it 
will be sufficient to ignore the small variations of value 
consequent on the adoption of one or other definition 
iind to state that " a calorie is the quantity of heat 
required to raise the temperature of one gram of water 
one degree Centigrade". To heat 120 g. (or 120 c.c, 
if no account be taken of the small variations of the 
density of water with temperature) of water from 
15° C. to 87° C, will therefore require that energy be 
supplied to the water in the form of heat to the extent 
of {120 X (87 - 15)1 = 8640 calories. In cooling from 
87° C. to 15° 0., the same amount of water will supply 

H. S. S. 11 
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the same quantity of heat, viz. 8640 calories, to Its 
surroundinga. 

103. We may easily find by calciilation the tem- 
perature of the water resulting from the admixture 
of two quantities of water at different temperatures, 
if we assume that all the heat supplied by the water 
at the higher temperature is applied to raising the 
temperature of the colder water. Suppose that, in 
Experiment 52, 100 c.c. of water at 60° C. were mixed 
with 500 c.c. at 15° C. Let n° C. be the temperature 
attained' by the mixture. We have 

Heat given out by hot watOT = 100 x (60 — n) 



Heat received by cold water = 500 x {n — 15) 
calories. 

On our assumption, these two quantities must be 
equal, i.e. 

100 X (60 - ») = 500 X (» - 15). 

Solving this as a simple equation, we have 
fiOOn = 13,600, or n = 22-5° C. 

104. From Experiment 53 we learnt that different 
substances have different capacities for heat, since 
bodies of different materials gave out unequal quantities 
of heat while cooling. The capacity of a given body 
for heat is called its ' ' thermal capacity ' ' and is measured 
by the quantity of heat necessary to raise its tempera- 
ture 1° C, Thus, if 30 g. of mercury have to be suppUed 
with 1 unit of heat in order to cause the temperature 
of the liquid to rise 1° C, the thermal capacity of the 
30 g. is said to be 1. When the thermal capacity of 
unit mass is considered, & new term is introduced, 
this quantity being known as the " specific heat " of 
the substance dealt with. Since 1 g, of water requires 
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1 calorie to be supplied to raise its temperature by 
1° C, the specific beat of water is 1. 1 g. of mercury 
only requires frOSS heat-units to raise its temperature 
by the same amount, hence the specific heat of mercury 
is 0*033. The specific heats of some common substances 
are given in the table below : 



Copper 




0094 






O'OM 


IroD '.'. 




0114 


Lead .. 




031 


Tin .. 




0-066 






0219 


Alcohol 




o-ai5 


0]iTO<Ml 




0-471 


Turpentine 




0-42 
0-6U 


PwsffinwM. 




0-flM 


Note. In oU c 


Asee where 


definitely mentione( 


in the folli 


to be underst 


ood. 





Copper oxide 
Moronty 

Qlasa 



Stearic acid (solid) 
„ „ (liqwd) 
Hydrogen 
godimn chloride 



where the scale of temperattue ia not 
the following pages, the Centigrade scale is 



106. The method of working simple examples in 
which the specific heats of the substances used must 
be considered is shown below. 

Example I. Suppose an iron cylinder weighing 
100 g. to be used in Experiment 53. What will be 
the temperature of the water after the iron has been, 
placed in it ? 

Let this temperature be denoted by n. 

In cooling from 60° to n°, the iron will lose 
100 X (60 — k) X 0114 calories. To raise the tempera- 
ture of the water from, say 15° C, to n° C, will require 
100 X (n — 15) calories to be supplied. Supposing no 
heat to be lost in heating the beaker and its surround- 
ings, these two quantities of heat must be equal, i.e. 
100 X (60 - n) X 0-114 = 100 x (m - 15). 

Solving this , as a simple equation in n, we have 
lll-4« = 2184, or » = 19-6= C. 

11—2 
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106. In actual practioe it is, of course, almost 
impossible to prevent the loss of some of the heat 
supplied by the hot body, and, in any case, when a 
liquid is heated by it, a portion of the heat is used 
in raising the temperature of the containing vessel. 
Allowance must, therefore, be made for this in calcula- 
tion. This is usually done by finding the thermal 
capacity of the vessel by multiplying the weight of 
the vessel by the specific heat of the substance of which 
it is made. Thus, suppose that the beaker containing 
the cold water in Experiment 63 weighs 26 g. Its 
thermal capacity will be 25 x 0'188= 4'7 calories. That 
is to say, to raise its temperature by a given amount 
will require the supply of as much heat as is required 
to raise the temperature of 47 g. of water by the same 
amount. Looked at from this point of view, the 
thermal capacity of the vessel is called its " water- 
equivalent". 

Example 2. What will be the temperature attained 
by the water in Experiment 53, if 100 g. of iron at 
60° C. be used, and the water, at 15° C, be contained 
in a beaker weighing 25 g. 'i 

The beaker and cold water will be equivalent to 
a single quantity of water weighing 100 + 4'7 = 104'7 g- 
Our equation will hence become 

100 X (60 - ») X 0-114 = 104-7 x (» - 16), 
or 116-171 = 2254-5, i.e. n = 19-4° C. 

Example 3. Determine the specific heat of zine 
from the following data : 

Weight of zinc 300 g. 

,, beaker .. .. .. 56 g. 

„ „ and cold water ... 51S g. 

Temperature of zdnc . . . . . . 100° 
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Temperature of water . . . . . . 10° 

„ ,, after putting in zinc 15-2° 

Specific heat of glass . . . . . . 0188 

The water-equivalent of the beaker is 56 x 0'188 
= ID'S, Let iS denote the specific heat of zinc. Then 
Heat supphed by zinc = 300 x S x (100 - 15-2) cal. 
Heat received by water and beaker 

= (615 - 56 + 10-5) X {15-2 - 10) cal. 
Equating these quantities, we have 

300 X 84 &8 = 469-5 x 5-2, or 26,4405 = 2441-4. 
whence S = 0-096. 

107. Experiment 54. Weigh a porcelain dish. In 
it place a few smtdl lumps of ice, dried by wiping with 
a duster. Quickly weigh the porcelain dish and ice. 
Heat the dish over a small Buneen flame, stirring the 
ice and the water formed, and noting how long it takes 
to melt the ice completely. Note the temperature 
from time to time, and when the ice has all become 
water, continue the heating till the water has reached 
a temperature of 20°. Make a note of the time required 
to raise the temperature of the water from 0° to 20°. 
Again weigh the dish and its contents. 

Some of the observations made will be 

(a) That it takes about four times as long to 
change the ice at 0° into water at the same temperature 
as it does to heat the water formed from 0° to 20°. 

(6) That the water formed by the melting of the 
ice has the same weight as the ice. 

Suppose the weight of the ice to be 58 g. In 
raismg the temperature of the water formed from 
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0° to 20°, 58 X 20= 1160 calories must be supplied. 
Since it took about four times as long to melt the ice, 
using the same source of heat, the quantity of heat 
supplied during the melting must have been about 
4 X 1160 = 4640 calories. Hence to melt 1 g. of ice, 
without producing any rise of temperature, 4640 -^ 68 
= 80 calories have been used. This quantity of heat, 
iised in merely changii^ the physical state of the ice, 
is said to be " latent " in the water formed, and the 
" latent heat of fusion of ice " is said to be 80. The 
word " latent " means " hidden ", and, if we performed 
the above experiment in the reverse order, the suit- 
ability of the name would be evident. It is not easy 
to obtain measurements with any degree of accuracy 
in doing this, but a rough idea may be obtained by 
performii^ 

ExFEBEUfiNi 55. Pound up some ice in a mortar. 
Place a layer of this crushed ice at the bottom of a 
large beaker, and cover it with a layer of ordinary 
salt, using roughly about half as much salt as ice. Put 
into the beaker two more layers of each substance. 
Place a smaller beaker upon the top of the last layer, 
and surround this beaker with alternate layers of the 
ice and salt till the level of the mixture reaches the 
lip of the small beaker. Press the mixture down 
firmly. Remove the small beaker, wipe it dry, and 
half fill it with water. Warm the water, if necessary, 
to 20°, and then replace the beaker. Keeping it 
constantly stirred with a thermometer, note the time 
taken to cause the temperature of the water to fall 
to 0°. The mixture of ice and salt is much colder 
than would be the case if ice alone were used, and, 
if the thermometer be allowed to remain in the water, 
ice will be formed, but no further fall of temperature 
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will be noted till after all the water in the smaller 
beaker has become ice. By examinii^ the beaker 
at intervals, the time taken to bring about the change 
of the water at 0° into ice at 0°, may be approximately 
found. It will be noticed that it is about four times 
as long as was required to lower the temperature of 
the water from 20° to 0°, If the inner beaker be left 
in the mixture for a further interval, it will be noted 
that the ice will continue to give up heat to the cold 
mixture of ice and salt, as shows by its temperature 
falling below 0°. 

In the above experiment, the heat given out by 
the water in cooling causes some of the ice in the outer 
vessel to melt, and we have evidence that this heat is 
actually given out in the fall of temperature experi- 
enced by the water. The water, in chaining to ice, 
continues to give out heat — its latent heat — and melts 
more of the surroimding ice, but we have no evidence 
of this registered by the thermometer. That the 
supply of heat from the inner to the outer vessel 
is a continuous process, and does not stop when the 
water reaches 0°, may be inferred from the fact that 
as soon as the whole of the Liquid has become sohd, 
further decrease in its temperature is recorded by the 
thermometer. 

108. ExpBBiMENT 56. Into a porcelain evapor- 
ating dish pour 20 c.c. of water, and take its tempera- 
ture. Heat the dish over a small flame and note the 
time taken to raise the temperature of the water to 
100°. Continue the heating with the same Aame imtil 
the water has been completely turned into steam. 
Make a note of the time required to effect this change, 
and take the temperature of the water from time to 
time while it is proceeding. 
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If the water be at about the avers^e temperature 
of water from the tap, say 15°, before the heatir^ is 
started, it will be found that it requires about six times 
as long to turn the water at 100° into steam as it does 
to raise its temperature from 15° to 100°. Since 
20 X (100 - 16) = 1700 calories are needed to effect the 
latter change, it follows that some 10,200 calories are 
used up in merely changing the physical state of the 
water. For every gram of water over 600 calories 
are rendered "latent" during 'the vaporisation. A 
more exact value is 536. 

Note. It is possible, of course, that the steam is 
hotter than the boiling water, and that some of the 
heat is used in raisii^ the temperature of the steam. 
To test this, repeat Experiment 48, and note whether 
the temperature of the steam evolved from the boiling 
water shows any increase of temperature during 10 
minutes' boiling. 

Other substances possess latent heats of fuision and 
vaporisation, and some examples are given in the 
subjoined table : 



Water.. 
MeroDiy 
Nitrate of Boda 
Snlpliut 

Alcohol 
Ether. . 

Tarpeatine 

109. To determine the latent heats of fusion cmd 
vaporisation of water with a greater approach to 
accuracy than was possible in the experiments already 
described, the following experiments should next be 
performed. 
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ExFEBiHKNT 67. Arrai^e two beakers a» shown 
in Fig. 51. The space between 
the TesselE is loosely packed with 
cotton-wool, (The reason for 
this precaution will be under- 
stood after reading the chapter 
on methods of transmisfdon of 
heat.) Weigh the inner beaker, 
and introduce into it enough 
water to fill it about half full. 
Weigh the beaker and water. 
Place a thermometer in the water and find its tempera- 
ture. By gentle heatit^, raise its temperature about 5°. 
Replace it inside the larger beaker, keeping the ther- 
mometer in its place whilfe doing so. Wipe a small 
lump of ice with a duster, note the exact temperature 
recorded by the thermometer, and quickly drop in the 
lump of dried ice. Stir well with the thermometer 
until the ice is almost entirely melted. Note the 
temperature. If it has fallen about 10°, continue 
stirring until the ice has all melted, carefully noting 
the lowest temperature roistered. K the decrease is 
less than 10°, put in another piece of dry ice, and 
repeat this tUl the amount of ice added is sufficient 
to cause the temperature to fall about 10°. Make 
a careful determination of the lowest temperature 
recorded. Finally weigh the inner beaker and its 
contents. 

In an actual determination, the followii^; observa- 
tions were made : 



Weight of .beaker 



84-6 g. 

and water . . 3089 g. 

„ after adding ice 336- 6 g. 
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Original temperature of water . . . . 21° 

Final „ „ .... 11° 

Let the latent heat of fusion of ice be denoted 
by L. 

Water-equivalent of beaker = 846 x 0188 = 15-8. 

Heat supplied by water and beaker 

= (224-3 + 15-8) X (21 - 11) cal. 



Heat rendered latent dtiring fusion 
= (335-6 - 308-9) x L cal. 

Heat needed to raise temperature of water formed 
by fusion of the ice from 0° to 11° 

= (335-6- 308 9) x Ileal. 

Equating the first quantity of heat to the other 
two, we have 26-7Z- = 21073, or L = 79. 
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In this experiment the result obtained was ex- 
tremely close to that generally given as the most probably 
correct value, but this is not always the case with 
experiments done as described, since small errors are 
practically unavoidable, and, further, the specific heat 
of the glass is only an avera^ yalue, and that of the 
glass actiially used may be different to the extent of 
over 10 %. With eare values for the latent heat may 
be found which will lie between 7B and 80. 

ExFEBiMBNT 68. Arrange the apparatus illustrated 
in Fig. 52. ^ is a screen of wood or asbestos to prevent 
direct heat from the flame and the heated flask from 
reaching the beaker and its contents. ^ is a " steam- 
trap". Its function is to prevent as far as possible 
the entrance of hot water, formed by the condensation 
of a portion of the steam, into the water contained 
in the inner beaker. . Weigh this beaker empty. Half 
fill it with water in which sufficient ice has been melted 
to bring it to a temperature of about 5°. Weigh the 
beaker and cold water, and replace it in the larger 
beaker. As in the last experiment, the space between 
the beakers is packed with cotton-wool. Heat the 
water in the ^ask to boiling-point, and, after steam 
has been allowed to escape from the lower end of the 
trap for about two minutes, put the lower end of the 
trap in the water in the beaker, noting the exact 
temperature of the water at the instant of introducing 
the tube. Let the steam continue to pass through the 
cold water till the temperature of the latter has risen 
about 20°. Remove the end of the trap, stir the water 
well with the thermometer, and record the highest 
temperature roistered. Weigh the beaker and con- 
tained water. 

The latent heat of vaporisation of water was 
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obtained in an actual determination by the above 
method as follows : 

Weight of beater 84-6 g. 

„ „ and cold water . . . . 341' ' 

„ „ „ water at end of expt. . . 351 

Temperature of water at beginning of expt. , . 5 
end „ . . 26 

If L denote the latent heat, we have 
Heat supplied by steam in condensing to water 

= {351-6 - 341-8) L eal. 
Heat given out by water formed from the steam in 
coohng to 26-9° 

= (351-6 - 341-8) X {100 - 26-9) caJ. 
Heat received by the cold water and beaker 

= {341-.8 - 84-6 + 16-8) x (26-9 - 5-5} cal. 
The last quantity of heat is equal to the sum of the 
other two, i.e. 

273 X 21-4 = 9-8£ + 9-8 x 731. 
Solving this equation in L, we have 

9-8L = 5125-8, or L = 523. 
The results obtained are always somewhat low, since 
it is practically impossible to assure that only " dry " 
steam (i.e. steam containing no condensation water 
whatever) shall pass into the eold water. 

110. From the working out of the results given 
in the last two experiments, it will be fairly easy to 
devise methods of solving problems in which latent 
heats are involved. 

Instead of the glass beakers used in the experiments 
on specific and latent heats, specially made copper 
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vessels may be substituted, but these are not necessary 
unless a fairly high degree of accuracy is desired in 
the results obtained. Vessels such as the beakers and 
copper cans, when made use of in the measurement 
of quantities of heat, are termed " calorimeters " 
(Latin, color, heat). 

111. A striking experiment showing the great 
amount of heat absorbed during the evaporation of 
a hquid may be performed with the readily volatile 
and extremely inflammable liquid, ether. This experi- 
ment must not on any account be attempted in the 
neighbourhood of flames, and is best done by, or under 
the immediate supervision of, a teacher. 

ExFEBDd&NT 69. Into a small beaker pour enough 
ether to fill it one-quarter full. Let about six drops 
of water fall on the nuddle of one face of a small wooden 
block. Put the beaker on the block in contact with 
the water. Blow air throi^h a glass tube attached 
to a bellows, worked by hand or by the foot, by means 
of rubber tubing, the end of the tube being made to 
dip imder the surface of the ether. The rapid bubbling 
thus produced causes a large surface of ether to be 
exposed, and greatly increases the rate at which the 
liquid evaporates. Since no heat is supplied from an 
outside source, that required for the conversion of the 
ether from the Uquid to the gaseous state must be taken 
from the ether and the bodies in contact with the ether. 
As a result, these bodies, i.e. the beaker, water, and 
block, have their temperatures reduced considerably. 
By steady blowing it is easy to lower the temperature 
of the water to 0°, and continuance of the operation 
causes the formation of ice, the beaker being frozen 
to the wooden block. 
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112, In the table of specific gravities given in 
Chapter rv, that of ice is shown as 
0'917,t.c. ice is less dense than water, 
a statement corroborated by the fa- 
nuUar fact that ice Hoats on water. 
Hence, durii^ the melting of a given 
mass of ice, a contraction of volume 
occurs. This phenomenon may' be 
easily shown in the maimer described 
in the next experiment. 

ExPBBDtfENT 60. Break up some 
ice intopieces small enough to be placed 
in a flask of about 500 c.c. capacity. 
Fill such a flask with the ice as com- 
pletely as possible, and add enough 
water, coloured with litmua and cooled 
by dropping in a few pieces of the ice, 
to entirely fill the spaces between the 
lumps of ice and the neck of i 




Fig. 53. 

Fit the flask 
with a well-fitting rubber stopper, carrying a long 



piece of glass tubing and a paper scale as illustrated 
in Fig. 53. In pushing the stopper home, some 
of the water will be forced up the tube. Mark the 
level to which it reaches on the scale. ADow the 
apparatus to stand in a warm room. The consequent 
melting of some of the ice will be accompanied by a 
steady fall in the level of the Uquid column in the 
tube, showing that the volume of the resulting water 
is less than that of the ice from which it is formed. . 
113. Baring the increase of volume attendant npon 
the change of water int« ice, great force is exerted, 
if the liquid be contained in a completely closed vessel. 
The water-pipes within an ordinary hoiise constitute 
such a closed vessel when all taps are turned off. In 
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very cold weather the water in the pipes may be frozen, 
when the strain upon the material of the pipes is 
usually sufficient to burst them, some of the water 
escaping from the rent in the pipe and immediately 
freezing, thus sealing up the pipe. As the weather 
becomes warmer, this ice-seal melts, and the water 
flowing through the pipe escapes at the point of bursting 
— commonly to be found in that portion of the pipes 
situated near the top of the building — causing much 
annoyance and loss to the unfortunate householder. 
It should be noticed that the burst occurs during 
frosty weather, but that the awkward consequences 
are not felt till a thaw sets in. This has given rise 
to a more or less prevalent and entirely mistaken 
impression that it is the thawing of the water which 
caiises the bursting of the pipes. 

114. The augmentation of volume taking place 
when water becomes ice is but small when compared 
with that produced when it assumes the gaseous 
condition. 1 c.c. of water, boiling under atmospheric 
pressure, gives rise to over 1600 c.c, of steam at the 
same pressure. It is not easy to devise a simple 
experiment in illustration of this, since the prevention 
of condensation of the steam presents difficulty. From 
another point of view most of us Me famihar with this 
phenomenon, for all work done by steam-engines 
depends upon the great pressure exerted by the steam 
escaping from boihng water, this pressure being due 
to the effort of the steam to expand. Should this 
pressure become too great for the material of the 
boiler of the engine to support, the boiler bursts, unless, 
by the use of suitable safety-valves some portion of 
the steam is allowed to escape, and the pressure thereby 
reduced. 
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116. A corresponding diminution of volume occurs 
when steam condenses, Eind this is taken advantage 
of in a simple method whereby an 
approximate determination of the 
specific gravityof air maybe effected. 

ExPEBiUDNT 61. Fit a ronnd- 
bottomed flask of about 500 e.o. 
capacity with a rubber stopper, 
bored to receive a short glass tube. 
To the other end of this tube attach, 
by means of stout rubber tubing, 
a second short length of glass tube. 
Fix a small screw clamp on the 
rubber tubing. The general arrange- 
ment of the apparatus is shown in 
Pig. 54. The wire shown is for 
auBpending the apparatus from the KbTm. 

hook at the end of the arm of a 
balance while we^hing. Pour about 60 c.e. of distilled 
water into the flask. Heat this to boiling-point, and 
allow the heating to continue till most of the water has 
boiled away. In this manner practically all the air 
is displaced by steam. While still boiling, clamp the 
rubber tube, and al mice remove the source of heat. 
Let the flask cool and then weigh it carefully. Next 
open the chp gradually. The greater part of the 
steam has condensed during the coohng and thus 
produced a considerable decrease of pressure within 
the flask, so that the opening of the clip is attended 
by an inrush of aur from the room until the pressure 
inside the flask has reached atmospheric pressure. 
When no more air enters, weigh the apparatus 
again. The gain in weight will be the weight of the 
air which has entered the flask. To find the volume 
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of this air, pour out the water left in the flask into a 
small measuring cylinder and observe its volume. Next 
fill the flask to the level of the bottom ei^e of the 
stopper with water, and pour this wat^r into a larger 
measuring vessel. The volume of the water thus 
poured out, minus that of the water left in the flask, 
is the volume of the air which passed into the flask. 

The speciflc gravity of air may be found by dividing 
the we^ht of the air by the weight of the corresponding 
volume of water, as previously explained. 

Knowing the specific gravity of air, we may deter- 
mine those of other gases by filling a vessel of known 
capacity with the gas whose specific .gravity is desired, 
weighing it, and also weighing the same vessel filled 
with air. As an example of this, find the specific 
gravity of carbon dioxide as in the following experi- 
ment. 

ExFEBiMBNT 62. Find the volume of a flask as 
indicated in the previous experiment. Weigh the fiask, 
which should be quite clean and dry, a well-fitting 
cork being placed in the neck. Fill the fiask with 
carbon dioxide by passing the gas from a generator 
(see Fig. 98) in which the materials used are marble 
and hydrochloric acid. The gas should be dried by 
pass^e through a drying tube containing calcium 
chloride before it is allowed to enter the flask. The 
flask should be maintained in an upright position, and 
the gas should be passed in for at least 10 minutes 
in a steady stream with the end of the dehvery tube 
almost touching the bottom of the flask. Slowly with- 
draw the deUvery tube while the gas is still issuing from 
it, and re-cork the flask. Weigh flask and gas carefully. 
Subtract the weight of the flask filled with air 
from its weight when filled with carbon dioxide. The 

H. D. 8. 12 
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difference will be the excess of the weight ol the gas 
ovet that of the air. Find the weight of the air by 
multipljing the volume of the flask in cubic centimetres 
by 0001293. (1 c.c. of air weighs 0001293 g. at 0°C. 
and 760 mm. bar.) Add this to the difference of weight 
as found above, and the sum will be the weight of the 
carbon dioxide. The specific gravity of the carbon 
dioxide is then readily found by the method given for 
air above. 

Exercise for Student. 
8u(^e3t any sources of error in the methods of Expecimeats 



116. In Experiment 48 a method of checking the 
accuracy of the position of the boiling-point of water, 
as marked on a mercury thermometer, was described. 
It was directed that the bulb of the instrument should 
be placed in the steam from boiling water and the 
reason for this direction will be next considered. 

ExPEEiMBNT 63, Using similar apparatus to that 
shown in I^. 44, determine the temperatures of the 
steam arising from distilled water, tap-water, and 
10 % and 20 % solutions of common salt, i.e. solutions 
containing 10 g, and 20 g. of salt respectively in every 
100 c.c. of solution. Each hquid should be boiled 
in turn in the same flask and heated by the same source 
of heat, whfle all temperatures registered should be 
taken from the same thermometer. 

After recording the temperature of the steam in 
each case, lower the thermometer into the boiling 
hquid and note the temperature shown, together with 
any variations which may occiir as the period of boUing 
is prolonged. 
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In the case fA the distilled water, it will probably 
be found that the steam tempetature differs but little 
from that of the boiling water, while any variations 
are temporary in character, no marked rise nor fall 
being noted. It Is likely, however, that the ther- 
mometer, when plunged in the tap-water, wiU indicate 
that it is shghtly hotter than the steam. Small 
variations of temperature may be observed, but, as 
in the previous case, no indication of any definite rise 
nor fall. The salt solutions will provide much more 
strongly marked evidence of the difference of tempera- 
ture between the liquid and the steam immediately 
over it than that afforded by the tap-water, and the 
water will, in each case, be the hotter body. As the 
boiling is continued, the temperature registered will 
slowly increase to a maxinLum of about 108°, provided 
the period of heating be long enough. On comparing 
the four steam temperatures very little difference will 
be foimd between them. This observation may be 
confirmed by treating other solutions of substances in 
water similarly, provided that the solutions be not too 
concentrated. With very strong solutions the tempera- 
tiire of the escaping steam is distinctly higher than 
that of the steam from pure water. 

The general deduction from the above observations 
is that 

The presence of a substance in solution in water 
raises the temperature at which the liquid boils, while 
the temperature of the steam produced is but little 
affected, except with very strong solutions. 

ExercMt for Slvdent. 
Explain the alow rise of temperature produced when the salt 
eolntioDB aie kept boiling for some time. 

12-^ 
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117. Dissolved substances also produce an effect 
upon the freezing-point of the liquid in which they 
are dissolved, but the alteration is of an opposite 
character, the temperature of freezing being lowered 
by the presence of the dissolved matter, the magnitude 
of the decrease being proportional to the strength of 
the solution. 

ExPEBiMENT 64. Surround a test-tube containing 
a little water with a freezing-mixture of ice and salt 
as described in Experiment 55. Insert a thermometer 
in the water and read the temperature at which the 
water freezes, as shown by the mercury becoming 
steady at a certain level, Usmg the same thermometer, 
find the temperatures at which 2 % and 5 % solutions 
of salt become frozen. Compare your observations 
with the statement given above. 

118, When solid ice becomes hquid water, heat is 
absorbed. As will be shown later, the dissolving of a 
solid substance in a liquid may also be attended by a 
similar absorption of heat, and this action is fairly 
general. The cause of the production of a very low 
temperatiire by the admixture of ice and salt may now 
be readily grasped. Some of the salt dissolves in the 
water adhering to the ice, and thus a slight lowering 
of temperature is caused, A further fall is occasioned 
by the dissolving of part of the ice in the newly-formed 
salt solution, attended by the disappearance of the 
amount of heat rendered "latent" by this process. The 
continued operation of these two causes brings about a 
fall of temperature sufficient to make the mixture of 
great value as a means of producing cold. A thorough 
admixture of snow with one-third of its we^ht of salt 
will effect a lowering of temperature to — 21°. 
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QUESTIONS 

1. What will be the temperature of the liqoid resulting from 
the ponring of 2} pinta of water at 200° F. into a gallon of water 
at 65° F. % 

% How much water at 98° C mugt be added to 5 kilogiame 
of water at 16° C. in order that the temperature of the resulting 
mixture may be 63° C. T 

3. Which ia hotter— a pound of water at 80° C. or 20 pouuda of 
mercurj at 90° C, and which will cause the giestei rise in the 
temperature of a kilogram of water at 25° C, when mixed with the 
latter T 

4. 60 g. of magnesium {sp, heat, 0-245) at 15° C. are dropped 
into 100 g. of water at 30° C. What is the highest t«mperature to 
which the magnesium cfui be raised hy this treatment I 

6. Pind the sjtecific heat of lead from the following data: 
Weight of leaden shot used . . ... 200 g. 

Weight of water in oalorimet^ . . , . 100 g. 
Temperature of shot . . . . IOC C. 

Initial temperature of water . . . . 9*6° C. 

Final temperature of water . . , . 14-9° C. 

6. A flask containing a Iitj« of mercury at 10° is placed in a 
vessel of boiling water and allowed to remain till it has attained the 
temperature of the water. How much heat ia snpptied to the mercury 
by the water T If the mercury be caused %o give up the heat thus 
received to a litre of water at 10°, by how much will the temperature ~ 

■ of this volume of water be raised t 

7. Pieces of platinum and aluminium foil of equal weight and 
area are both rendered ted-hot, and then allowed to cooL Why 
may the platinum be bandied with impunity with the fingers sooner 
tbsit the aluminium } 

8. 600 g. of mercury at 100° C. are poured into a hole in a large 
block of dry ice. How many grams of water will be formed during 
the time taken by the temperature of the mercury to sink to 0° C. T 

9. 200 g. of ice are melted by dropping the ice into a vessel 
oootaining 400 g. of water at 45° C. The temperature of the water 
folk to 6° C. Find the water-equivalent of the vewel. 
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10. By how mniih will the teinp«^ture of a litre of ice-oold 
water be roiaed bj the condensation of 100 g. of steam in itT 

11. Whj is it advajitageone to put some salt in the water with 
which doorsteps are cleaned in frosty weather T 

12. How many calories must be supplied to melt a block of 
ioe which measuree 25 cm. x 15 cm. x 10-8 cm. t 

13. Describe fully an experiment in which it ia shown that the 
liquefaction of a solid is attended by absorption of heat, and another 
in wliioh the solidification of a liquid is shown to oauae the evolution 
ol beat. 

14. A stout glass botUe is completely fiUed with water and 
eecurely stoppered. It is then placed in the open air on a day when 
the thermometer registers 23° F. Describe what you would expect 
to happen. 

16. A lump of ice is thrown into a veaael containing a quantity 
of alcohol at — 26° C. What happens I 

16. Suggest two reasons for tea being cooled by dissolving sugar 
in it. 

17. Of what advuitage to mankind is the fact that wat«r gives 
out heat while freezing T 

18. Most substtuioes occupy a greater volume when in the liquid 
state than when solid. What useful purpose is served in nature by 
the peculiar behaviour of water in this respect ? 



CHAPTER XI 

THE PEOPAaATION OF HEAT 

119. In the preceding chapters on heat we have 
frequently epoken of heat being tranamitted from one 
body to another, and the experimenta performed have 
afforded evidence that this transmission actually takes 
place. We will next take up the question of the 
various methods by which heat moves from one body to 
another, or from one part of a body to some other part. 
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120. From everyday experience we know that the 
end of a poker placed in a hot fire 80on becomea red- 
hot, and that the other end often reaches such a high 
temperature that it is too hot to hold, although the 
hand may be held for some time at a distance from 
the fire equal to the length of that portion of the poker 
outside the fire without becoming uncomfortably hot. 
Heat evidently travels along the material of the poker 
in such a way that the end becomes hotter than the 
air situated at the same distance from the fire. 

Experiment 65. Obtain two thin rods of different 
metals of similar diameter. A knitting-needle and a 
length of stout copper wire will serve if no better 
materials be available. Support the rods on a sheet 
of asbestos millboard placed upon the top of a tripod 
stand in such a way that one end of each may be heated 
by the same Bunsen fiame. Arrange that the heating 
shall be as nearly as is feasible the same for each rod. 
Test the temperatures attained by the other ends of 
the rods from time to time by rough comparative 
methods such as the followii^ : 

(a) By touching the ends with the fingers, find 
out which first becomes too hot to he held with comfort. 

(b) By placing the end of a wax-taper at each 
end in turn, find which first reaches the temperature 
at which the wax melta. 

(c) Place the head of a match at each of the 
ends to discover whether either is hot enough to ignite 
the match. If neither becomes sufficiently hot to do 
this, move the match-head along the rods to find that 
point on eaeh which has become hot enough to bring 
this about. 

If rods of copper and iron be made use of, aa sug- 
gested, the copper will be observed to become hot much 
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more quickly than the iron, and the end of the copper 
rod further from the source of heat reaches a higher 
temperatiire than does the corresponding portion of 
the iron. A more elaborate experiment may be done 
ii Ingenhaus'B apparatus be available. 

Experiment 66, The apparatus referred to above 
consist* of a boiler of a rectangular shape, fitted with 
corks along one vertical face, in which rods of different 
metals but of equal length and diameter may be 
inserted. The rods project to similar distances within 
the boiler. The portions of the rods outside the 




Big. 66. 
boiler are coated with paraffin wax by meltii^ some 
wax and applying it to the rods with a small brush. 
Boiling water is poured into the heater and the rate 
at which the wax melts is observed for each rod. When 
no more wax is melted by the heat transmitted the 
distances from the face of the boiler to the various 
points on the rods at which the wax is still sohd are 
measured. The greater the distance, the better the 
material transmits heat through its mass. 

121. This method of propagation of heat is termed 
" conduction " and it is by conduction that heat paisses 
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from one part of a solid body to another. No motion 
of the body as a whole or of any parts of it as Been 
by the eye takes place, the transmission being effected 
by the molecules of the snbstanoea nearest the heating 
somYte giving up part of the heat supplied by the heating 
agent to their neighbours, which again pass on part of 
the heat thus received in a similar fashion. The best 
conductors are the .metals, and among these the Hst is 
headed by silver, closely followed by copper. Brass, 
iron, lead; and bismuth come next in the order of 
naming. The conducting power of silver is over 50 
times that of bismuth. Compared with the metals, 
other soUds are relatively poor conductors. This may 
be shown practically by repeating Experiment 65 with 
a stick of slate-pencil and a metal rod of equal diameter. 
The end of the pencil will be found to remain cool 
enough to be handled loi^ after the metal rod Is too 
hot to touch. 

122. Conduction takes place also in liquid bodies, 
but all Uquids come under the heading of bad con- 
ductors. That this is so in the ceise of water may be 
illustrated by a striking experiment. 

ExPEBiMSNT 67, Surroimd a small lump of ice with 
copper or iron gauze in sufficient 
quantity to make the ice sink when 
placed in water. Drop the ice thus 
prepared into a lai^e test-tube, and 
nearly fill the tube with water. 
Holding the tube near the middle 
of its length, heat the water in the 
upper portion in a flame. The 
water in this part of the test-tube 
may be raised to boiling-point before ^^- ^■ 

the ice at the bottom of the tube has melted. 
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123. Gases exhibit conducting power, but to an 
extremely limited extent as compared with aoUd 
bodies. 

Advantage is taken of the poor conducting power 
of air ia many simple household contrivances. To keep 
a tea-pot warm it is surrounded by a "cosy". This 
is made of loosely packed woollen material. The wool 
is itself a bad conductor of heat, but 
its effect is greatly assisted by the air 
entangled between the threads of the 
wool. This is a worse conductor than 
the wool, and being prevented by the 
network of wool-threads from movii^ 
readily, cannot cause loss of heat by 
the method of transmission usual in 
gases, to be described later. The 
cotton-wool packing used in Experi- 
ments 67 and 58 has a simUar function. 
The layer of snow which frequently 
covers the ground in severe winter 
weather is of great service as a means 
of preventii^ the underlying soil from 
losing so much heat that the plants 
growing in it suffer serious damage. 
"The small crystals of ice, of which 
snow consists, are of low conducting 
power and the an- between the crystals 
is again of very considerable assistance 
in preserving plant life. 

Empty space ia a perfect non-conductor of heat. The 
"Thermos" flasks (see Fig. 57) which have come so 
much into use of late consist essentially of a double- 
waUed glass vessel, the space between the walls being 
rendered as completely vacuous as possible. Hot 



Fig. 57. 
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substances placed in the interior of the flask lose their 
heat very slowly, since conduction and convection 
(described below) are almost entirely prevented and 
the silvering of the glass further checks the loss which 
might occur by other means. 

124. The general mode of propagation of heat in 
fluids is iUustrated in the lollowing experiments. 

Experiment 68. Nearly fill a large beaker with 
water and place it on a piece of wire gauze on a tripod 
stand. Tear some blotting-paper into very small pieces 
and drop them into the water, allowing them to become 
completely soaked and fall to the bottom of the beaker. 
Heat the water by placing a small Bunaeu flame under 
the edge of the beaker. The heated water will move 
upwards from the point of application of the heat and 
cooler water will take its place, the direction of motion 
of the water being indicated by that of 
the scraps of blotting-paper, provided 
that these are small enoi:^h. 

Heat is here transmitted from one part 
of the liquid to another by actual motion 
of the heated portions of the water away 
from the source of heat, their place being 
taken by cooler water which becomes 
heated and moves away in turn. By 
continued repetition of this process the 
temperature is caused to rise in all parts 
of the liquid. Buildings are frequently 
heated by taking advantage of this 
motion of the hot portion of a liquid 
to a cooler region and the method em- 
ployed is roughly outUned in the next experiment. 

Experiment 69. Fit up the apparatus of which 
Pig. 58 is an illustration. The upper vessel is a 



Fig. fiS. 
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bell-jar, with a tightly-fitting rubber stopper, through 
which pass two glass tubes as shown. The flask below 
is likewise fitted and is completely filled with water. 
Pour enough water into the bell- jar to cover the end of 
the topmost tube. I>rop a few crystals of potassium 
permanganate (or Condy's crystals will serve equally 
well) into the liquid in the jar. Fix the apparatus 
in an upright position by means of a clamp and retort 
stand, at such a height that a Bunsen flame may be 
placed underneath the flask. Light the gas and gently 
heat the flask with a small flame. The water will 
pass aloi^ the straight tube into the bell-jar and a 
descending current will flow down the bent tubing 
to the bottom of the flask. The course of the fiquid 
may be traced by the pink colour of the solution 
of potassium permanganate. The circulation can be 
watched until the whole of the water has assumed a 
uniform tint. 

The flask represents the boiler situated in the 
basement of a buUding, the vertical tube corresponds 
to the iron pipe leading from the top of the boiler 
to the top of the main hot cistern, the latter is repre- 
sented by our bell-jar and the bent tube is comparable 
to the feed-pipes and radiators used to distribute the 
hot water to the various floors of the building. The 
smaller apparatus by which a supply of hot water 
for the bath-room and for general domestic use is 
maintained in most modem houses works on an exactly 
simflar plan. Further details on this head wiU be 
found in Part II, 

125, The currents set up in a liquid as a result 
of heating are caUed "convection currents", the heat 
being said to be transmitted by convection. This 
method of transmission does not take place with solids, 
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the particles of which are not free to move over and 
around one another, as is the case with liquids. Gases 
resemble hquids in this respect, the motion of their 
particles being even leas restricted than that of Uquid 
particles. The setting up of convection ciirrents in 
a gas by the application of heat is described in the 
next experiment. 




Fig. S». 

ExPBBiMBNT 70. The necessary apparatus consists 
of a flat cardboard or wooden box^ — a large cigar-box 
answers admirably — with all apertures such as the 
cracks around the ec^s of the Ud carefully sealed by 
pasting paper over them. Two holes are made in the 
lid of sufficient size to admit the ends of wide glass 
tubes, such as Argand lamp chimneys, and the latter 
are kept in position as shown in Fig. 59 by bands 
of wide rubber tubing or by a plaster of Paris seal. 
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A small gas-jet at the end of a bent glass tube 
atta^^hed to the ordinary gas supply, is lowered into 
one of the wide tubes as illiistrated. An upward 
current of heated air ascends this tube and a current 
of cool air passes downward in the other. The presence 
of these streams of air may be rendered visible by hold- 
ing a smouldering piece of soft brown wrapping paper 
at the top of the second tube, when the course taken 
by the smoke indicates the directions of the currents. 

This experiment is an illustration on a small scale 
of a method used in ventilating coal-mines in which 
there is no danger of explosion on account of the 
presence of explosive mixtures of air with the gases 
sometimes given off in such mines. A lai^e fire is 
built beneath the end of a deep shaft, known as the 
" upcast " shaft, and fresh air passes down a similar 
shaft, the " downcast " shaft, situated in the part of 
the mine furthest from the former. This air is thus 
obliged to traverse the various " workii^s " of the 
mine in its pass^e from one shaft to the other and 
the miners are enabled to continue at work without 
harm from the fouling of the air by the products of 
respiration. An ordinary room, in which a fire is 
burning, is ventilated in a similar fashion. The heated 
air goes up the chimney and fr^h air enters through 
the apertures in the walls of the room, auch as window 
and door openings and the cracks between the £ttings 
of the woodwork, as well as through the porous brick 
and plaster of the walls themselves. 

Sxtrdge for SfvdenL 

Devise experimenbi whereby it maj be shown that the ooolmg 
of one portion of a fluid sets np convection ourrente toward the 
cooled region. 
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126. The chief method of propagation of heat 
through the substance of a fluid is then by means 
of convection currents while in solids transmission of 
heat is brought about by conduction. Thus another 
distinguishing feature as between fluid and soUd bodies 
may be added to those aheady mentioned in Chapter v. 

Exerciae for Student. 
Try to account for the inception of convection currents in auch 
aa experiment aa No. 69 by the appUcation of the knowledge already 
gained concerning expansion by heat, density, and fluid pieeenre. 

127. When treating of the Kinetic Molecular 
Theory in Chapter v, it was stated that matter con- 
sisted of small particles, termed molecules, which were 
separated from one another by varying distances, 
according to the state of matter concerned. A question 
naturally arising from this conception of the con- 
stitution of matter is " What occupies the spaces 
between the molecules ? " The view generally held 
at the present day is that a peculiar form of matter, 
of density exceedingly small when compared with that 
of any of the common forms, exists in these interspaces, 
and extends continuously even into those regions which 
we are accustomed to look upon as empty. This 
extremely tenuous substance is termed " ether ". (Care 
most be taken not to confuse this with the well-known 
liquid hearing the same name.) Ether fills all space 
and is a prime and omnipresent constituent of ail 
portions of the universe. Our next subject for study 
will be the means by which heat is caused to pass 
through this universal medium, the ether of space. 
That it does so pass is a matter of common knowledge, 
since heat is received from the sun, a hot body situated 
over 90,000,000 nules from our Earth, and the sensible 
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limits of our atmospheric envelope only extend outwards 
from the Earth's surface to a distance of at most some 
few hundred miles. Beyond this limi t ether alone is 
thought to be the medimu by means of which the 
vast gap is bridged, and the existence of the Sun 
made evident to our senses by the light and heat 
it affords. 

128. Ether being continuous, no motion of its 
separate parts such as occurs in convection can be 
assumed to be the means by which heat is propagated 
through it. An entirely different form of motion, the 
up and down vibration we usually term wave-motion, 
is the method suggested. The Hght and heat emanating 
from the Sun set up this form of motion in the ether, 
the waves produced being exceedingly minute — so 
minute that many thousands of them are caused in 
so short a distance as one millimetre. These light 
and heat waves are simply ether in motion and the 
ether itself is neither illuminated nor heated by the 
passage of light and heat in this manner. When waves 
of a certain size strike an object, the sensitive mem- 
branes of the eye are affected and we see the object, 
by reason of the reflection of some of the waves towards 
the eye. Waves of a somewhat greater size do not 
excite the sensation of vision when they reach an 
object, but become evident to ua by causing the object 
to become hot. We can now uaiderstand why the 
hand, placed beneath or at the side ol a hot body, 
receives heat from the body, although, as previously 
stated, the heated air travels upward. The heat experi- 
enced by the hand situated underneath the hot object 
reaches it by setting up heat waves in the ether between 
the air molecules, and when these impinge upon the 
hand, the sensation of hotness is excited. That the 
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air itself in this region is not heated hy the passage 
of the wave-motion may be shown by interposing a 
screen, such as a sheet of paper, between the hand 
and the hot body. An immediate feehng of coobiess 
is experienced, which could hardly be the case if the 
air itself were hot. 

ExPEBmENT 71. Suspend the metal ball used in' 
Experiment 40 in the middle of the flame produced 
by a powerful Simsen burner. While the ball is beii^ 
heated, hai^ two or three thermometers from the rings 
of retort stands so that the bulbs of the instruments 
are at the same level as the centre of the ball, and at 
different distances from the flame, say 10', 15", and 20*. 
Each thermometer will record an increase of tempera- 
tiire, that nearest the flame showing the greatest 
change, and the most distant one the least. When the 
thermometer readings no longer increase turn out the 
burner and quickly remove the hot ball. Each will 
almost immediately roister loss of heat as shown by 
the fall of mercury, denoting that the air in the neigh- 
bourhood of the instruments has not been made hot. 
This experiment may be varied by placing three ther- 
mometers at equal distances from the hot ball, after 
removal of the flame, one being placed 10' above the 
baJl, a second 10" below it, and a third 10" away in 
the same horizontal plane. 

Exercise for Stvdmi. 
Account for any differences in the readings noted in the experi- 
ment jOBt suggested. 

An everyday apphcation of the observations made 
in our experiment is to be found in the action of a 
person seated near a hot Are and seeking relief from 
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the heat. The interposition of a book, the hand, or 
a fan, between the fire and the face is productive of 
an immediate sensation of eoohieBs. 

129. The name given to the method of trans- 
mission of heat we are now considering is " radiation ", 
and we speak of the heat so transmitted as " radiant " 
heat. Bays of light and of heat are of similar character, 
some rays being able to give rise to both sensations. 
A famihar experiment will emphasise this point. 

Experiment 72. Obtain a glass lens, such as is in 
common use for magnifying small objects. Hold this 
with one face turned towards the siui, and on the 
other side of the lens place a sheet of brown paper 
so that it lies in a plane parallel to that of the middle 
of the lens, A spot of light will be seen on the surface 
of the paper. This is an image of the sun, and, by 
moving the paper towards or away from the lens, 
this spot may be made to vary in size. Variation in 
brightness wiU accompany the change in size, the 
smaller the spot the brighter being its appearance. 
The lens is constructed in such a way as to bend the 
rays of hght from their original paths, and to crowd 
them together at some spot near the lens. This is 
called " focusing " the rays. Heat rays are similarly 
bent in their passage through the lens and evidence 
of this may be afforded, if the lens be a good one, by 
the scorchii^ of the paper when the spot of light is 
of least diameter. Should this not occur, place the 
hand or the bulb of a thermometer so as to receive 
this smallest image of the sun, when the increased 
warmth at this spot will be readily shown. 

130. All substances upon which heat rays strike 
are capable of receiving heat by this means but all 
do not exhibit this qiuility to the same extent. 
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ExPEKDiBNT 73. Procure two small tinned iron 
vessels, such as the cans in whioh condensed milk, 
treacle, and such commodities are frequently packed 
for sale. Remove all paper from the outside of each. 
By holding one of the cajis in the upper part of a candle 
or luminous gas Same, cover the bottom with a layer 
of soot, or as it is sometimes termed, lampblack. 
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Support the two vessels on the top of a large iron plate 
provided with iron supports, by putting pipeclay 
triangles under the cans as indicated in the figure. 
Arrange the triangles so that the distances from the 
cans to the plate are equal. Under the plate place 
a good Bunsen burner, making the distances of the 
bottoms of the cans from the burner as nearly equal 
as may be. To prevent uneven heating through 
draughts, the conical top shown in the diagram may 

13—2 
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be attached to the top of the burner. Half fill each 
can with water, and cover the top of each with a sheet 
of cardboard carrying a thermometer inserted through 
a cork in the centre of the sheet. See that the bulbs 
of the thermometers are submerged to equal depths 
in the water. Leave the apparatus at rest for two 
minutes and then read each thermometer. Light the 
burner, turning on both gas and air supplies to the 
fullest extent. Record the readings of the thermo- 
meters at intervals of about one minute, stirring the 
water with the thermometer before taking each reading. 
The rise of temperature registered by the instrument 
in the can with the blackened bottom will be more 
rapid than that recorded by the other. Continue the 
observations till the water in each can has shown 
a considerable gain in temperature. Remove the cans 
from the hot plate and place them aide by side in a 
quiet place, free from draughts. They should be kept 
out of contact with the stirf ace of the bench or other 
. supporting medium by placing the triangles underneath 
them as before. At intervals of a minute or two, read 
the thermometers, until the water has nearly reached 
the temperature of ite aurroundinga. The water in 
the bright can will show the less rapid fall in tempera- 
ture, counting the fall from the time at which the hotter 
water in the other reaches the temperature at which 
the water in the bright can was when the first reading 
during cooling was registered. 

Bodies heated in the manner above described 
receive heat chiefly by radiation. The heat rays are 
more readily absorbed by the dull black surface and 
become sensible as heat. The bright surface, however, 
reflects a large proportion of the rays, just as a mirror 
reflects hght rays, and a lesser proportion of the rays 
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become sensible as heat, as was shown by the behaviour 
of the thermometer in the bright can. A common 
kitchen experience confirms our observations on this 
head. The water in a new kettle, when placed over 
a bright fire, takes a longer time to reach boiling-point 
than does water in the same kettle after repeated use 
has covered the bottom of the vessel with a layer of 
soot. Kettles for use on kitchen ranges should not be 
kept too scrupulously clean as regards the bottom of 
the utensil. On the other hand, the second part of 
o\a experiment suggests that the upper part of the 
kettle should be scoured if we desire that water which 
is being, or has been, heated in it, shall not lose the 
heat gained more rapidly than necessary. 

131. The observations made above regarding the 
better absorption and radiation of heat by a dull and 
blackened surface than by a bright one are of general 
apphcation. Dark-coloured, rough, or dull surfaces are 
in this respect contrasted with hght, smooth, and 
bright ones. A rough test of this may be made 
by performing Experiment 71 again, placing two 
thermometers at equal distances from the source of 
heat, the bulb of one being covered with black paper 
and that of the other with white. Using instruments 
of similar construction, it will be found that the one 
with the black paper round it gains heat the more 
rapidly. Heat rays resemble Kght ray^ in being 
reflected from bright and smooth surfaces, hence bodies 
possessing either or both of these do not absorb heat 
readily. 

Dark clothes are usually worn in cold weather in 
preference to lighter garments, and there is some show 
of reason in the choice. Any heat which reaches the 
clothes is absorbed to a large extent, but it is an open 
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question whether the correspondingly greater radiating 
power does not almost entirely compenBate for the 
advantage of ready absorption. The white flannel of 
the cricketer reflects heat better than would a darker 
material, but, on the other hand, the heat received 
from the body is not absorbed as readily. It is probably 
rather a matter of convenience which decides the colour 
of our clothes than the conscious application of experi- 
ence, and dark materials find more favour in winter 
on account of the great labour which would be involved 
in keeping light garments clean in such a climate as 
ours during the cold season. 

132. The chief points dealt with in this chapter 
may he briefly summarised as f oUowa : 

Solid bodies transmit heat by conduction alone, the 
heat received by the molecules nearest the source of 
heat being passed on to those next them, these latter 
passing on their heat in turn, and the continued repe- 
tition of this process resultii^ in the propagation of 
the heat in aU directions through the solid. 

Liquids and gases transmit heat chiefly by con- 
vection, actual motion of the heated part of the fluid 
taking place away from the heating a^ent to cooler 
regions and other parts of the fluid moving towards 
the neighbourhood of the source of heat, to be heated 
and move away in their turn. 

Through space and also to a very large extent 
through gaseous media, heat is propagated by the 
setting up of wave motion of a certain magnitude, the 
medium being unchanged in temperatiire by the 
passage of the heat, and the latter only becoming 
sensible when the waves meet an object, when the 
energy transmitted by them is traiwformed into that 
form of energy which we caU heat. 
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QUESTIONS 

1. Suggest a. simple methcMi of determining experimentally 
which of two spoonH is made of silver and which ot electro-plate. 

2. Good radiators are good abHorbere of heat. Describe an 
experiment in illustration of this statement. 

3. Good reflectors of heat are bad absorbers. Bj what experi- 
ments would you try to show that this statement is correct T 

4. Pieces of black and white cloth are spread out on the surface 
of snow in bright sunlight. The snow underneath the black cloth 
is observed to melt more quickly than that under the white. How 
do yon account for this T 

5. Why are blankets used to keep the body warm in winter 
and to prevent the melting of ice in summer T 

6. Pieces of wood or ivory are often inserted between the 
handle of a tea-pot and the pot itaelf. What is the reason of this T 

T. Why does the presence of a. chimney assist a fire to burn 
more steadily and brightly than it does when no fine is provided T 

8. Why does the door-knob feel colder than the door, and the 
door colder than the carpet T 

9. A Norwegian cooking-box consists of a large box thickly 
lined with straw or felt, provided with a lid simdarly lined. Cooking- 
vessels placed in the interior of the olosed box remain warm for some 
hours. Give reasons for this. 

10. A sheet of brown paper and a. powerful magnifying glass 
are placed under the receiver of an air-pump in such positions that 
the paper is at the focus of the lens. The air is then exhausted 
from the receiver s.8 completely as possible, and the whole apparatus 
placed in bright sunlight so that the lens facce the snn. Will the 
paper be burnt T Give arguments in support of your opinion 
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CHAPTER Xn 

HEAT AND ENEBOY. THE KINETIC THEORY 

133. In a previous chapter we have briefly dis- 
ouBsed the nature of heat and it was there stated that 
heat was a form of enei^, i.e. that a given qoantity 
of heat is able to perform a definite quantity of work. 
We aheady know that a weight of 10 lb., situated 
at a height of 10 feet from the ground, possesses 100 
foot-pounds of potential energy. Further, we are aware 
that this potential energy may be transformed into 
kinetic energy if the weight be permitted to fall, and 
this kinetic enei^ may be made to do work by suitable 
means, e.g. the weight may be attached to a string 
passing over a pulley to the axle of which is fixed a 
small mill, in which cofEee or other substance may be 
ground during the fall of the weight. A hot body 
resembles the weight in its elevated position. The 
hot body possesses energy and can perform work such 
as turning water into steam, the latter being caused 
to make a grindstone go round by some convenient 
mechanical contrivance. In thus effecting the perform- 
ance of work, the hot body los^ heat, and, unless 
a further supply is afforded, its temperature falls and 
at lei^h reaches that of its surroundings, when ite 
capacity for doing work is exhausted. It then resembles 
the weight resting on the -ground, at the end of its fall, 
when the latter no longer possesses either potential or 
kinetic energy, or, in other words, has parted with 
its abUity to do work. 
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Just as potential energy may be transformed into 
kinetic energy, and heat energy, e^ mentioned above, 
tnay undergo a similar transformation, so may kinetic 
energy be changed into heat. A piece of lead, struck 
several times in rapid succession by a hammer, soon 
becomes appreciably hot. Very careful measurements 
of the quantity of heat that may thus be generated 
by the transformation of kinetic energy have been 
made by various investigators. The mean result of 
their determinations shows that, to raise the tempera- 
ture of 1 lb. of water by 1° F. requires the expenditure 
of about 775 ft.-llw. of kinetic (or other form of) energy. 
Conversely, 1 lb. of water, in cooling through 1° F., 
can perform 775 ft. -lbs. of work. Expressing this result 
in terms of the Centigrade scale, the number of ft. -lbs. 
becomes 775 x Jf = 1395. 

The magnitude of this quantity, which is termed 
the " Mechanical Equivalent " of heat, niay be grasped 
if it be considered that the energy required to raise 
the temperature of 1 gallon of water from 15° to the 
boiling-point is equivalent to that which would raise a 
weight of nearly 1 J tons from the pavement to the top 
of St Paul's Cathedral. 

We have defined a calorie as the quantity of heat 
needed to raise the temperatiu^ of 1 g. of water by 
1° C. Since 1 foot = 3048 cm., and 1 lb. = 453-6 g., 
1 calorie is equivalent to 

(1395 X 30-48 x 453-6) -^ 4536 = 42,500 
gram-centimetrea, i.e. to raise the temperature of 1 g. 
of water by 1° C. requires the expenditure of as much 
energy as would raise a weight of 425 g. to a height of 
1 metre. 

134. We h*^^ already shown that hot bodies give 
up their heat to their surroundings, if these be at 
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a lower temperatiire, and when heat has been distri- 
buted in this way, it is no longer available for the 
performance of work. All other forms of energy tend 
to be transformed finally into heat, and thus a continual 
disappearance of energy apparently takes place, the 
heat thus produced being readily dissipated. Some 
simple examples of this may be quoted. Coal possesses 
a store of energy by virtue of which it is able to unite 
with one of the gases of the atmosphere — oxygen — 
to form aa the chief product another gas, called carbon 
dioxide. In so doing it produces much heat, for 
this union with oxygen is what we usually call the 
burning of the coal. The heat is soon shared with 
the aJr and other bodies in the neighbourhood of the . 
burning coal, and the carbon dioxide is found to possess 
a much smaller store of chemical energy than the coal 
from which it waa formed. Again, when an electrical 
current passes along a wire, part of the electrical energy 
is used up in raising the temperature of the wire. 
An example of this is to be found in the incandescent 
filament lamp. This heat also soon becomes unavail- 
able for the execution of work. Another interesting 
example of the " degradation " of other forms of enei^y 
into heat is afforded by the recently discovered element, 
radium. This substance, whether free or combined, is 
found to be always shghtly wanner — about 15° C.^ 
than its surroundings. This continuous production of 
heat energy on the part of the radium is accompanied by 
the formation of simpler and less active substances, the 
radium being said to he "degraded" during this process. 
135. The next point to be considered is the form 
in which heat energy exists in hot bodies. We will 
first recapitulate briefly our previous statements con- 
cerning the Kinetic Molecular Hypothesis. According 
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to this, subBtanc^ are all composed of molecules, 
separated by varying distances, these latter beii^ 
greatest for gases and least for solids. The molecules 
are in rapid motion, the freedom and rate of motion 
being ^ain greatest in the case of gases, least in that 
of solids. The application of this hypothesis to the 
explanation of some of the various phenomena observed 
during the course of our study of heat follows, 

136. Heated, bodies were found to expand under 
the influence of the heat supplied. It is supposed that 
the molecules of a substance, when heated, are made to 
move with greater speed. As a result of this, they repel 
one another, during their frequent collisions, with 
greater force, thus exercising greater pressure upon 
their surroimdings. If this increase of pressure be 
not counterbalanced in any way, the general effect of 
the combined increase of pressure in the part of the 
total number of molecules in any given body is to 
push away its surroundings to some extent, i.e. the 
body as a whole expands. 

If the heated body be in the solid state, we have 
found that, as a general rule, it changes its state when 
a certain definite temperature is reached. Liquid mole- 
cules possess greater freedom of movement than th(^e 
of solids, and in order to overcome partially the cohesion 
of the molecules of a solid substance, a large store of 
extra energy must be supplied to the solid, which then 
assumes the liquid state. This corresponds to our 
observation that a very large quantity of energy in 
the form of heat is used up in changing a solid into a 
liquid without rise of temperature. This energy, as 
already demonstrated, becomes again available in the 
form of heat when the liquid substance is caused to 
solidify once more. 
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The marked difference iti the freedom of movement 
of gaseous as conipaTed with Uquid molecules entails 
again the expenditure in general of an even larger 
quantity of beat than that demanded by the change of 
state from sohd to liquid. The considerable change of 
volume occurring during vaporisation necessitates a 
further expenditure of energy in overcoming the external 
resistance of the surrounding atmosphere. The latent 
heat of vaporisation of a liquid is thus accounted for 
in overcoming the cohesion between the molecules of 
the hquid and in expanding the volume of the substance 
against external pressure. 

■137. Heat energy, then, resides in bodies as a 
mode of motion, although this motion is of too delicate 
a character to be detected as such by the most sensitive 
instruments at our disposal. Some colour ia lent to 
this view, if we consider the question of what must 
occur during radiation. In this process motion of 
some kind is set up by a hot body, whereby heat is 
transmitted to another through the ether. Little con- 
sideration is needed to see that it would be against all 
experience for a body in a state of rest to set up a 
disturbance whereby this may be effected. Hence o\ir 
idea that heat is a form of kinetic enei^ receives some 
support. 

138. It may be well to expend a little further 
consideration on the subject of the action of heat upon 
gases. In Experiment 51 it was demonstrated that a 
gas, when heat was supplied to it, was able to overcome 
the pressure of the atmosphere to some extent. What 
would happen if, instead of expanding against a constant 
pressure, as is the case in the experiment quoted, the 
gas was prevented from expanding ? 

Experiment 74. Pour mercury into the long limb 
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of a Boyle's tube — as used in Experiment 36 — and, by 
inclining the tube, cause some of tiie air from the closed 
lunb to escape through the mercury. Immerse the 
lower part of the tube in a deep vessel containing 
water, so that the top of the closed limb is under water. 
Bring the tube to a vertical position, and mark the 
level of the liquid in each liinb. This may readily be 
done by scratching the surface of the glass with a sharp 
file. Gently heat the' vessel, and when the mercury 
begins to rise in the open limb, pour in more mercury 
in quantity sufficient to bring the level of that in the 
closed limb back to its original position. It will be 
fotmd that, as long &a the temperature continues to 
rise, constant supplies of fresh mercury will be required. 
From this It is evident that the gas, when prevented 
f ronL expanding, exerts greater pressure as its tempera- 
ture rises. 

This increase of pressure is well shown if a bladder 
be inflated with air as fuUy as possible at the ordinary 
temperature and then be placed in front of a good fire. 
The increase of pressure brought about by this treatment 
ia generally sufficient to burst the bladder. 

When considered from the point of view of the 
Kinetic Theory, as set out earlier in the chapter, the 
increase of pressure noted is explained thus : The mole- 
cules move more rapidly as a result of the rise of 
temperature, and consequently impinge more frequently 
upon the walls of the containii^ vessel. It is the 
continual impact of the molecules which causes the 
gas to exert pressure, and when the frequency and 
force of impact of the striking molecule both receive 
augmentation as a result of heating the gas, the pressure 
of the gas shows a corresponding increment. 
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Bxereise for ShtdetU. 
Asauming the Kinetic Molecular Hypothesifl, try to account for 
the pheaomena generalised in the statement known as Boyle's Law. 

QUESTIONS 

1. From what height miut a weight of 1 ton be dropped if all 
the kinetic energy generated during ita fall ie to be enough to ruse 
the temperature of 2 lb. of water from 32° F. to 212° F. T 

2. How much energy, expreased in kilc^^m-metree, is given 
out while 548 g. of watw oool from 66° to 8° T 

3. How much energy in the form cA heat must be supplied to 
an iron cube with edges 6 cm. long, in order to raise its t«mperatttre 
from 15° to 150° t (Sp. heat of iron= OIU.) 

4. Find the height to which a stone, weighing 500 g., oouM be 
ruaed, if all the energy set free during the condensation of 10 g. 
of steam could be expended in raiding it. 

6. The burning of 1 g. of carbon produces 8080 calories. What 
weight of ice could be melted'by the burning of 185 g. o{ carbon I 



CHAPTER XIII 



Its Natitre and Chief Constituenia 

13ft. We have learnt in the preceding chapters that 
air is a gas and has both volume and weight. In this 
chapter the nature of air will be further investigated. 
To this end we will first perform the following simple 
experiment. 

Experiment 75. Affix a short length of candle 
(the small candles used on Christmas trees are most 
suitable) to a wooden block by lighting the candle, 
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allowing a few drops of the melted wax to drop on 
the block, and then holding the bottom of the candle 
on this melted wax until it begins to solidify. Over 
the candle place a tall glass lamp-chimney (see Fig. 
61) so that the bottom of the chimney rests on the 
block and the candle is in the centre of the chimney. 
Watch the candle flame. It will be observed that it 
flickers and becomes smaller and smaller. If the 




Fig. 61. 



Fig. 62. 



chimney be sufficiently tall and narrow, the candle 
at length goes out. 

Relight it and replace the chimney, this time 
supporting the base of the chimney on two strips of 
wood {Fig. 62) so that there is an air-space between 
the base and the wooden block. Again note carefully 
the behaviour of the candle flame. It now bums 
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more steadily and, if left undisturbed, will continue 
burning till the candle is entirely consumed. In the 
first case the candle had to bum in what was 
practically a limited supply of air, for very little fresh 
air is able to force its way down the lamp-chimney 
gainst the stream of hot air and products of com- 
bustion proceeding from the flame. 

In the second case, fresh suppHes of air passed in 
through the air-space beneath the chimney, and thus a 
continuous current passed up the chimney. To show 
the existence of this air-current let us try 

Experiment 76, Arrange the candle and chimney 
as in Fig. 62. Light a wax-taper, and when well ahght, 
blow it out. Place the smoking end near the air-space 
between the chimney and block. Note the direction 
taken by the smoke. 

(This should be done in a room free from draughts, 
or the obfeervation made may not be very definite.) 

140, From the above experiments it is clear that 
air is necessary for the burning of a candle to take place. 
Other combustible bodies such as coal, wood, coal-gas, 
brimstone, and paraffin oil, also require a good supply 
of fresh air in order that their burning may be continuous 
and complete. 

While dealing with this matter, we may note that 
the two simple experiments just performed illustrate 
the value of a fire in an open fireplace as a ventilating 
agent. The fire corresponds to our candle, the house- 
chimney to our lamp-chimney, and the openings in the 
walls of the room (e.g. the opened part of the window, 
if any, and the cracks beneath and around the doors 
and the window-sashes) to the air-space provided 
between lamp-chimney and block. Fresh air is con- 
tinually enterii^ through these openings while the fire 
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is burning, and this helps to keep the air of the 
for respiration. (Cf, Experiment 70.) 

141 . We cannot well show directly that fresh air is 
necessary to the continuance of animal life. We must 
rest content with the statement of the fact that some 
of the operations which go on inside our bodies are 
somewhat similar in character to those involved in the 
burning of a candle, and require just as urgently for 
their due performance a good supply of fresh air. 
Lessening this supply lowers the vitabty of the body 
just as under similar circumstances the candle flame 
flickers and weakens. 

142. Having discovered that air appears to be 
necessary for burning to occur, let us next try to find 
out whether aU the air takes an active part in the burn- 
ing. 

Experiment 77. Fix a short piece of candle, C, to 
a length of stout copper wire, W, as 
in Fig. 63. Push the end of the wire 
through a sheet of stiff cardboard, M, 
and light the candle. Lower the card 
and wire into a deep glass jar, G, so 
that the card rests on and closes the 
mouth of the jar. In a short time the 
candle fiame will be extinguished. 

Kemove the candle, relight it, 
and quickly replace it in the jar. 
This time it goes out at once, or, if 
the removal and replacement have 
not been done deftly enough, bums 
for a very short time, much shorter 
than when previously plunged into the 
jar. 

It is evident from this experiment that the air in 
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Fig. B3. 
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the gas-jar, G, is no longer capable of supporting the 
burning of a candle. We do not yet know, however, 
whether it can support the burning of other bodies. 
We will therefore try to bum something else in the jar. 
Phosphorus is a suitable substance. 

It is so highly inflammabl e that it is kept in bottles 
filled up with water, Eind must be handled with the 
greatest care. 

ExFBBiMENT 78. From a stick of phosphorus, cut 
oS a small piece about the size of a pea, the phosphorus 
being held under water in a dish. Remove the phos- 
phorus from the water with a pair of crucible tongs, 
place it on several sheets of blotting- (or filter-) paper, 
and press it gently between the sheets, carefully avoiding 
contact between the fingers and the phosphorus. When 
the phosphorus has been quite dried in this manner, 
transfer it by means of dry tongs to a small spoon, 
called a defiagrating-spoon, similar to that shown at 
S in Fig. 64. The spoon should have 
a long wire handle as shown and this may 
either be pushed through a piece of card- 
board like that used in Experiment 77, 
or, as is more usually done, pushed 
through a piece of cork, K, contained in 
a small cup on the upper side of the brass 
cap C. Ignite the phosphorus by holding 
the spoon for a moment in the flame of 
a Bunsen burner. Remove the candle _ ■ 

from the jar used in Experiment 77, and ^*-'^ 
at once lower the burning phosphorus into ^' 

the jar till the brass cap rests on the mouth of the jar. 
(Be carefid to arrange beforehand the length of wire 
between spoon and cap so that the former does not 



igitizefl by Google 



Air 



211 



quite touch the bottom of the jar.) It will be found 
that the phosphorus continues burning for some 
time. 

Thus, although the air left in the jar will not keep a 
candle burning, a piece of phosphorus still . remainB 
alight. Evidently phosphorus is a more vigorous com- 
bustible than are the constituents of an ordinary candle. 



B 



Kg. 66. 

Phosphorus, in fact, bums more vigorously in air than 
any other substance with which we are acquainted, and 
it is for that reason that we use it in our next experiment, 
in which we endeavour to find out whether all the air 
takes part in the burning. 

143. Experiment 79, Fill the circular earthen- 
ware dish, D (Fig. 65), half fuU of water. CarefvUy 
14—2 
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dry a piece of yellow phosphorus as big as a large pea 
and place it in a clean dry porcelain dish, P. 

Float this dish on the sm-face of the water in the 
trough. Remove the stopper from a glass bell-jar, B, 
about 9 inches high, and lower the open end of the jar 
int^o the water so that the dish is within the jar. Note 
the level of the water-surface. 

Warm a glass rod gently in the Bunsen flame and, 
passing it through the neck of the bell-jar, ignite the 
phosphorus by touching it with the rod. At once 
withdraw the rod and insert the glass stopper, S. 
Hold the jar down for a few moments, as the action is 
sometimes rather vigorous. Carefully observe how the 
phosphorus bums, what sort of product is formed by 
its combustion, what happens to that product, and 
also any alterations which occur in the level of the 
water-surface. When no further change seems to be 
talcing place within the jar, note the fraction of the 
original air-space which is now occupied by water, and 
the appearance of the gas remaining in the jar above 
the water. Pour water into the trough till the water- 
level is the same both outside and inside the jar. 

Warm the glass rod again, remove the stopper, and 
try to ignite any phosphorus which remains. If the 
experiment has been properly carried out this cannot 
be done. Insert a lighted taper through the neck of 
the bell-jar. It is at once extinguished. 

Exeraat /or Student. 
Why is the pouring in of water to equaJiae the levels necessary t 

From the above experiment it is clear that the whole 
of the air does not take part in the burning of a candle 
or a piece of phosphorus. 
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144. It is probable that, from the above experi- 
ment, a rough idea of the volume of gas which 
remains, and does not asaiat in the burning, may be 
obtained. 

To measure this volume more accurately, the follow- 
ing experiments may be performed : 

Experiment 80. Down the side of a tall gas-jar 
paste a long strip of paper divided into centimetres and 
half -centimetres, the centimetre divisions being num- 
bered in order, commencing from the closed end of the 
jar. Cover this paper strip with a layer of paiafifin 
wax by means of a camel-hair brush dipped in some 
melted wax. 

HaJf fill an earthenware trough with water. With 
a blunt knife blade, carefully scrape clean a small stick 
of yellow phosphorus about half an inch long, the 
phosphorus being held under water while scraping it. 
Coil a length of rather stout copper wire, as shown 
in Fig. 66, so that the diameter of the larger 
coils at the top is sfightly greater than that 
of the phosphorus. To the lower end of 
the wire attach a flattened leaden bullet (or 
other small flat heavy substance) of sufficient 
weight to keep the wire upright when the 
fiat surface is resting on the table. Put the 
freshly scraped stick of phosphorus into 
the coil {see Fig. 66). Invert the gas-jar 
previously prepared, and push the phos- "^- ^■ 
phorus up into it by means of the wire, the length of 
which should be such that the phosphorus reaches the 
middle of the jar. Lower jar and contained wire into 
the water in the earthenware trough, so that they 
occupy the position shown in Fig. 67. 

Eecord the lei^h of the column of air within the 
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cylinder by noting the reading at the water-level inside 
the jar. Allow the apparatus 
to stand for a day and again 
determine the length of the 
air-colnmn . A further reading 
aftier another interval of five 
or six hours may be made, 
when it will probably be found 
to agree fairly closely with the 
one last obtained. To ascer- 
tain the nature of the gas still 
contained in the gas-jar remove 
the bullet and any remain- 
ing phosphorus by raising the 
jar and carefidly withdrawing 
them, keeping the mouth of the jar under water. Slip 
a glass plate under the mouth of thejarwithout removing 
the mouth from the water, press the plate firmly on the 
jar, remove from the trough and invert. Test the gas left 
in the jar by inserting a lighted taper and a piece of 
burning phosphorus (as in Experiment 78). It will be 
found that it does not support combustion. 

If we assume, as may be usually done without 
serious error, that the area of cross section of the 
cylinder is the same throughout its length, then the 
volumes of gas enclosed in the cylinder are directly 
proportional to the lengths of the portions of the 
cylinder occupied by them. 

Our first reading, then, is a measure of the volume of 
the air in the cylinder, and our second of that part of 
the air which does not support combustion. By sub- 
tracting the latter from the total volume of air, we 
obtain a measure of the volume of the part which dis- 
appears during combustion. It will be found that the 
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portion remaining unconsumed bears to the latter a, 
ratio of about 4 to 1 . 

Exerdae for Stvdent. 
Detect other slight sonroee of poeeible error in the relative 
volnmee of iur and of nitrogen thus obtained. 

145. The part of the air which supports burning 
is called oxygen, while the other portion is termed 
nitrogen^, and we have learnt that air is made up of 
about 4 volumes of nitrogen with 1 volume of oxygen. 
A second determination of this volume-ratio may be 
made by the method of 

EXFBRiMEMT 81, Put about an ounce of clean iron 
filings on a piece of muslin, and make the latter into 
a bag by bringing the corners together and tying them 
with thread. Attach this bag of iron Slii^s to one end 
of a length of stout copper wire, dip the bag in water 
and arrange the apparatus 
shown in Fig. 68, where M 
is the bag, J a graduated 
gas-jar similar to that used 
in the last experiment, and 
T an earthenware trough. 

Read off the volume of 
enclosed air. 

Allow the apparatus to 
stand for a week. Again 
read off the volume of the 
enclosed gas, and test its 
nature as in Experiment 80. Fig. 88. 

Then remove the bag and examine the appearance 
of the iron filings, comparing it with that before they 
were inserted in the jar. 

' Seep. 222, §160. 
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™, ^. volume of mtrocen , , ■ ■, t 
I he ratio — ; 1 ° — as detennmed from 

volume of oxygen 

the readings should agree fairly closely with that 
obtained in the previous experiment. 

146. In Experiments 80 and 81 the action of the 
phosphorus and iron on the air resembles that of the 
bm:ning phosphorus, although in these experiments no 
production of either heat or light will have been 
noticed. In all three cases, what has occurred is that 
the phosphorus (or iron) has united with a part of the 
air, namely, the oxygen, and formed by combination 
with this gas a new solid substance, which occupies a 
very small volume compared with that of the gaseous 
oxygen absorbed in its formation. Thus the white 
powder formed when the phosphorus is burnt is called 
" oxide of phosphorus ", and the brown powder (which 
we usually call rust), produced by the action of moist 
air on the iron,,is termed " oxide of iron ". In Experi- 
ments 79 and 80 the white oxide of phosphorus slowly 
disappeared because it dis- 
solved in the water present, 
and in order to see more 
clearly the nature of this 
substance we will perform 

Experiment 82. Carefully 
clean and dry a bell -jar, 
B, and a large glazed tile 
(or plate), T. Dry a very 
small piece of phosphorus 
between filter-papers, and place 
it on the middle of the tile ^^ 
(Fig. 69). Ignite it with a 
warmed rod or wire and im- 
mediately place the hell-jar over it. 



Kg. 69. 
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When the phosphorus has ceased burning, allow 
the white fumes to settle, and then raise the bell-jar 
and examiiie the substance left on the tile. This is the 
oxide of phosphorus. Should the phosphorus begin to 
bum again when the jar has been removed, a further 
quantity of the oxide may be obtained by replacing the 
jar, and waiting till the phosphorus again stops burning. 

{Note what happens to the oxide if it ia allowed to 
remain in the open air for a few minutes. ) 

147. Such changes as those considered in this 
chapter are termed " chemical " changes. The union 
of two distinct substances to form a third, entirely 
difEerent in properties from either, is often briefly 
expressed by such statements — termed " chemical 
equations " — as the following : 

(1) Phosphorus + oxygen = phosphorus pentoxide. 

(2) Iron + oxygen = iron oxide. 

Here the sign " + " means " combines with " and 
" = " means " to form ". 

Thus statement (1) should be read "Phosphorus 
combines with oxygen to form phosphorus pentoxide ". 
Phosphorus pentoxide is the exact chemical name of 
the substance we have hitherto called " oxide of 
phosphorus", and is required because we know of 
other distinct compounds of phosphorus and oxygen. 
Similarly iron rust, which we have called simply " iron 
oxide ", chiefly consists of one of the three oxides of 
iron, called " ferric oxide " (Latin, ferrum, iron), com- 
bined with a certain amount of water. 

148. We will next consider the action of air on the 
metals magnesium and copper. If magnesium, a metal 
with a bright silvery lustre, be allowed to remain in 
contact with moist air, the surface of the metal becomes 
somewhat dull, but no other change of importance can 
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be noted. When the magnesium is strongly heated in 
air, however, a striking change takes place. 

Experiment 83. From a coil of magnesium tape, 
out ofE a piece about 2 inches long. Holding this with 
a pair of crucible tongs, place one end of it in the flame 
of a match or a Bunsen burner. After a short interval 
the metal ignites. Remove it from the flame, and note 
carefully the nature of the light obtained, and of the 
product left after the burning is over. 

In this case we have a chemical combination taking 
place. The magnesium combines -with the oxygen of 
the air to form magnesium oxide. 

Magnesium + oxygen = Magnesium oxide. 

When the combination has once been started it 
proceeds rapidly with the evolution of great heat and 
a most vivid light. (Compare the behaviour of phos- 
phorus with that of magnesium in this respect.) Thia 
production of heat, and frequently of light as well, is a 
genera] accompaniment of a combination between two 
substances to form a third. Even when iron rusts in 
air, heat is produced, but the rate at which it is produced 
is so slow that we cannot detect it by ordinary means. 

It is interesting to note that by special arrangement 
of the experiment, magnesium may be made to combine 
with nitrogen, forming magnesium nitride. This ex- 
periment, however, is too difficult for us to attempt. 
By taking advantage of this action, the gas argon was 
isolated in 1894 by Sir William Ramsay, from nitrogen 
obtained from the atmosphere. 

Experiment 84, Place a short coil of bright copper 
wire in a hard glass tube closed at one end, a rubber 
stopper, through which passes a short length of glass 
tubing fitted with a tap, being fixed firmly in the open 
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end. (See Fig. 70.) Open the tap and connect the 
glass tube by means of stout rubber tubing to an air- 
pump or a good, water-pump. Exhaust the air from the 
hard glass tube as completely as the efficiency of the 
pump permits. Close the tap , and disconnect the rubber 
tubing. Fix the hard glass tube in a clamp attached to 
a retort stand and strongly heat the tube and its contents 
with a powerful Bunsen flame for about five minutes. 
Remove th6 flame and note the appearance of the 
copper wire as a result of this treatment. If the 
evacuation of the tube has been thoroughly carried out 
the wire should still be bright. 

Open the tap, thus causing the tube to be again 
filled with air. Again heat the tube strongly and watch 
the change in the appearance of the copper. After a 



Fig. 70. 
short time it will entirely lose its brightness and the 
exterior of the wire will be covered by a black film. 
This is copper oxide, formed by the combination of the 
copper with oxygen from the air. 

This experiment emphasises the important part 
played by the air in many of the chemical changes 
which take place under ordinary conditions. The 
absence of the active constituent of the air — oxygen — is 
sufficient entirely to prevent chemical change in the 
copper as a result of heating it. 

ExpEEiMENT 85. Hold a length of bright copper 
wire, by means of the crucible tongs, in the flame of a 
Bunsen burner till it is red-hot. Remove it from the 
flame, and note the behaviour of the copper while 
cooling and the appearance of its surface when cold. 
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It will be evident that copper does not unite with 
oxygen so readily as magnesium, but the blackish 
appearance of its surface is nevertheless due to the 
production of a thin film of copper oxide. 

149. Experiment 86. Fit up carefully the appara- 
tus shown in Fig. 71, leaving the jar, J, however, 
inverted and filled with water, on the bottom of the 
trough. Weigh the roll of copper gauze, before inser- 
tion in the tube, on a balance which weighs correctly to 
1 centigram. 




2HI' 



Fig. 71. 



D . 

A.A' 



■ gu-holder filled with air. 

' reaervoii of gag-holder. 

= veU-gre&sed gl&as stopcocks. 

= gliwa deliver; tube. 

' square shields of asbeatos millboard 

= pieee of hard combustion tubing about 1 ft. long and \ inch 

in diameter. 
= roll of bright copper gauze about 5 in. long. 
= Ramsay burner (a row of Bunaen burners may be substituted 

for this). 
= stout rubber cooneotion. 
= iMge gfts-jar, 

= earthenware pueumatio trough. 
= beehive eeU, 
= tight-fitting hollow glass stopper. 



igitized by Google 



Air 221 

Pour water into the reservoir, R, keeping the taps 
P, P, closed. Light the burner, B, using only a small 
flame at first. Gradually increase the gas supply until 
the gauze is at red heat, and no more bubbles escape 
from the end of the delivery tube. Place the jar J in 
position on the beehive cell, and turn the stopcocks 
P, P, so that a slow stream of air passes along the tube 
over the heated copper. The rate at which the air 
passes must not be so great that the bubbles rising in 
the jar cannot be easily counted. 

When the jar is full of gas, turn off the taps, dis- 
continue the heating, and remove the end of the 
delivery tube from the water. 

After the tube has become cold, remove the copper 
gauze and weigh it carefully. Test the gas collected 
in the jar with respect to its power of supporting the 
biiming of a taper. 

From this experiment we learn that copper, when 
strongly heated, bums, i.e. combines with the oxygen 
of the air to form copper oxide, but does not combine 
with the nitrogen. The combination with oxygen is 
also attended by increase of weight. This experiment 
may be repeated using a layer of "reduced" iron in the 
place of the roll of copper gauze. In this case it is better 
to weigh the tube and iron together before heating, and 
to weigh tube together with iron oxide after it has 
cooled. Had we carefully collected and weighed the 
products of oxidation (combination with oxygen) of a 
candle, phosphorus, magnesium, and iron filings we 
should have found that in each case these products 
weighed more than the original candle, phosphorus, 
magnesium, or iron respectively. This increase in 
weight is in every case the weight of the oxygen which 
has entered into combination. 
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150. By carrying out experiments similar to the 
laat experiment very carefully, the percentage weights 
of oxygen and nitrogen present in air have been found 
to be 

Nitrogen . , . . 77 per cent. 

Oxygen . . 23 per cent. 

As a result of many careful experiments on the 
percentage composition of air by volume, the following 
numbers have been obtained : 

Nitr<^n . . . . 79'04 per cent. 

Oxygen . . . . 20- 96 per cent. 

(Argon is here included in each case with the nitro- 
gen, and certain other constituents of ordinary air, 
which are dealt with in Chapter xiv, are removed before 
the analyses are made.) 



QUESTIONS 

1. What do you understand by the term " ozide " T Name 
three oxidee, and give directione for the preparation of a apecimen 
of each. 

2. Deecribe folly how you would show that air oonsista of at 
least two portions, one of which takes part in the burning of a. matoh, 
while the other does not. 

3. A quantity of black powder is placed in a porcelain oruoible, 
and both omcible and contents are carefully weighed. They are 
then heated to a bright red heat in a furnace for ten mmutee. On 
cooling, the powder is found to be of a dark brown colour, and on 
weighing crucible and powder, their combined weight is now greater 
than before. What is the probable explanation of these changes T 

4. A pieoe of phosfdiorus is burnt in a closed vessel of lur standing 
over water. The volume of the vessel is 1246 o.o. What volume 
of gaiB is left after the phosphorus baa ceased burning and the 
apparatus has cooled t 
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6. Suggest reasoDS for 
(a) The ertinction of a candle after it has burnt for a short 
time in a closed gas-jar. 

(6) PhoaphoijiB bnming readily in air whioh will no longer 
support the combustion of a csjidle, - 

6. Why does opening a window sometimea cure a smoky fire? 



CHAPTER XIV 

MINOE CONSTITUENTS OF ATB 

151. In the last chapter, the two chief constituents 
of air, oxygen and nitrogen, were dealt with, and these 
two make up together about 97-6 per cent, by volome 
of our atmosphere. Argon, the gaa formerly measured 
with the nitrogen, amounts to about 0-9 per cent., 
leaving 1-5 per cent, to be accounted for. The bulk of 
this remainder consists of two substances, and our next 
business is to find out what they are. 

ExPEEiMENT 87. Bum a candle in a dry clean gas- 
jar as in Experiment 77. Notice that during the 
burning the sides of the jar become moist. This 
moisture, if sufficient be obtained, may be shown by 
suitable tests (y. Chapter xvn) to be water. When the 
candle has gone out, remove it, and pour a little clear 
lime-water into the jar. Cover the mouth of the jar 
with a glass plate, and shake the jar vigorously. The 
clear lime-water becomes turbid, and if allowed to 
stand, a fine white powder settles on the bottom of the 
jar. Shake up some lime-water in a jar of ordinary air. 
No perceptible turbidity will be produced. We have 
thus obtained evidence of a second product of combus- 
tion of the candle. It is an invisible gas, like air. 
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since it cannot be seen in the jar, but differs from air 
in that it is able to render lime-water turbid. This gas 
is called carbon dioxide. 

152, Before considering the explanation of this 
formation of water and carbon dioxide, we will define 
the exact meaning of the two names " element " and 
" compound " as used by the chemist. 

An Element is a substance which has not yet been 
split up into, nor built up from, simpler substances. 
The two gases oxygen and nitr<^en, the liquid mercury, 
and the solids phosphorus, magnesium, copper, and iron, 
are elements. In all about 80 bodies are known which 
are believed to be elementary in character. 

A Compound is a substance produced by the chemical 
union of two or more elements. It usually differs 
widely in appearance and properties from any of the 
elements of which it is composed. , 

Thus water, a liquid which extinguishes flame and 
does not itself bum, is a compound of two gases, one 
of which, hydrogen, bums readily, while the other, 
oxygen, causes bodies which are already burning in 
the air to burn still more brightly when they are fJaced 
in it. Again, phosphorus pentoxide is a white powder 
which we have shown to be extremely soluble in water. 
It is a compound of phosphorus, a yellow sohd which 
will not dissolve in water, and the colourless gas, 
oxygen, which is only very dightly soluble in that 
liquid. 

153. A candle is almost entirely composed of 
compounds of the two elements carbon and hydrogen 
(see Chapter xvn). When these bodies bum in air they 
are oxidised, i.e. combine with oxygen, and the reactions 
which occur may be briefly stated in the form of chemical 
equations as follows : 
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Carbon 4- oxygen = carbon dioxide. 
Hydrogen + oxygen = hydrogen oxide, 

(" Hydrogen oxide " is the chemical name of water.) 

We cannot see that these bodies are formed because 
the carbon dioxide is a colourless gas, while the water 
formed at the high temperature of the flame exists as 
steam and as such passes away from the neighbourhood 
of the flame as a colourless vapour. If this vapour 
meets a cold surface, such as the inside of the gas-jar 
in Experiment 87, it is condensed, and forms small 
drops of water. In this way the existence of the water 
formed by the burning of the candle is rendered evident 
to our sense of sight. 

In showing by means of the lime-water test that 
carbon dioxide is also produced we depend on the fact 
■ that the lime in the lime-water combines with carbon 
dioxide. Thus : 
Calcium oxide + carbon dioxide = calcium carbonate. 

(Lime) (Chalk) 

Calcium carbonate is the chemical name of chalk (the 
chalk of our cliffs and chalk-pits, not the prepared 
substance used for blackboard writing) and, as chalk 
will not dissolve in water, it separates out as fast as it 
is produced, forming the white substance which renders 
the lime-water turbid and settles on the bottom of the 
jar. When a solid substance separates out from a 
clear liquid in this way, it is said to be " precipitated ", 
and our white sediment is called a " precipitate " of 
chalk. 

It must be clearly understood that, as shown in 

Experiment 78, all the oxygen contained in the air in 

the jar does not combine with the constituents of the 

candle. A part only is thus used up, and a still smaller 

H. D. s. 15 
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volume of carbon dioxide is produced, some of the 
oxygen combining during burning with the hydrogen 
of the candle. Such a statement as " the oxygen in 
the jar is replaced by carbon dioxide during the burning 
of the candle " is consequently incorrect in that no 
mention is made of the partial character of this replace- 
ment. 

154. All our common fuels — e.g. wood, coal, coal- 
gas, paraffin oil — consist chiefly of carbon and hydrogen 
compounds, and, when burnt, produce water-vapour 
and carbon dioxide. 

Experiment 88, Hold a clean dry glass bell-jar 
(or large beaker) for a few seconds over each of the 
following in turn : 

(a) A burning splinter of wood. 
(6) A small gas-flame. 

(c) The flame of a paraffin lamp. 

(d) The flame of a spirit lamp. 

Note in each case the appearance of the inside of 
the jar, and after ea«h test, close the mouth of the jar 
with a large glass plate, invert, and shake up the con- 
tents of the jar with a little clear lime-water. 

It was stated in Chapter xm that some of the opera- 
tions which go on inside our bodies resemble burning. 
We are now prepared to show that this resemblance is 
very close. 

ExFBRiHENT 89. Breathe into the open end of a 
large dry cold test-tube. Note the appearance of the 
inside of the tube after the breathing. Now pour a 
little clear lime-water into the test-tube, and shake 
vigorously, observing carefidly any alteration in the 
appearance of the liquid. 

From this experiment it will be clear that water- 
vapoiir and carbon dioxide are both to be found in 
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expired air. They have already been shown to be 
the products of combustion of substances containing 
carbon and hydrogen. Now bread, meat, vegetables, 
milk, cheese, and all other food-stuffs contain carbon 
and hydrogen, and by their slow oxidation during the 
vital processes two of the chief bodies produced are 
water and carbon diojcide. (For a method of showing 
the presence of carbon and hydrogen in food-stuffs, see 
Part II.) 

155. In the preceding chapter it was shown that 
chemical combination is usually attended with the 
evolution of heat. That heat is given out during the 
oxidation of the constituents of oiar food is rendered 
evident by the fact that our bodies maintain an almost 
even temperature, although our surroundings are 
usually at a temperature considerably below that of 
the body. The heat given out by the oxidation is 
used to maintain this difference of temperature between 
our bodies and their surroundings. 

156. It was stated in paragraph 149 that the pro- 
ducts of the burning of a candle weighed more than the 
candle itself. To test this, the following experiment 
may be performed. 

Experiment 90. Arrange the apparatus shown in 
Fig. 72. 

Before beginning the experiment, weigh the candle, 
chimney, and U-tube with their connections and corks. 
Attach this weighed portion of the apparatus to the 
aspirator, and turn the stopcock so that a fairly rapid 
stream of water issues. This will cause a steady 
current of air to pass up the chimney and through the 
U-tube into the aspirator. Remove the candle, light 
it, and quickly replace cork and candle in position as 
in the diagram. Arrange the rate at which the current 
1&— 2 
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of air is drawn through the apparatus, by regulating 
the outflow of water from the stopcock, so that the 



Pig. 72. 
A = aspiratoT nearly full of water. 
K, K, K,E,E= tight-fitting corks. 

K' ^ cork on which candle is fixed, out as showD in tmaJl 

plan below diagram. 
G = short piece of candle. 
O, Q,0,Q =^ glasa connactiona. 
J,J= rublM^r conneotions. 

T = glass stopcooh. 
PD = glass U-tube contuniDg short sticks of cauatic potaah 
in the limb F, and imall lumps of oalcinm chloride 
inD. 
L • loose-fitting plug of gloes-wool. 
M = lamp-chimney. 
R = iet>)rt stand. 
{Note, Greater eBieiency reflults if the aspirator ia replaced by a good 
water-pump, should this be available.) 

candle bums freely and, as far as possible, without 
smoking. The products of combustion, being gaseous. 
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are carried forward with the air-current, and absorbed 
in the U-tube. 

The caustic potash retains the carbon dioxide by 
combining with it, resembling lime-water in this respect. 
It is, however, a much better absorbent than lime-water. 
Thua: 

Potassium hydroxide + carbon dioxide 
(Caustic potash) 

= potassium carbonate + hydrogen oxide. 
(Carbonate of potash) (Water) 

The potassium carbonate, being a solid, remains in 
the tube, while the water simultaneously produced, 
together with that formed by the burning of the candle, 
combines with the potash or with the calcium chloride 
in the other limb of the U-tube, forming a solution 
which remains on the exterior of the small lumps. 

After about one-quarter of an inch of candle has 
burnt away, blow out the candle, and, after a few 
seconds, tutn off the tap. When the apparatus has 
cooled to the temperature of the room disconnect the 
aspirator, and again weigh the portion weighed before. 

It will be found that, although some of the candle 
has disappeared, and has been, in everyday speech, 
"destroyed", the weight has increased. This increase 
in weight is due to the oxygen which has entered into 
combination with the constituents of the candle. 
While it exists as free oxygen in the atmosphere, it 
affects both pans of the balance equally, but when 
combined with carbon and hydrogen, and absorbed by 
the potash and calcium chloride, its weight is readily 
obt€iined. 

157. The question next arises " Since the products 
of combustion weigh more than the original substance, 



igitized by Google 



230 



Domestic Science 



does any creation of new matter take place ? " To 
answer this question, the balance is again brought into 
use, but this time the whole of the apparatus is weighed. 

Experiment 91. Cut off under water a small piece 
of yellow phosphorus. Remove it from the water, and 
dry it carefully with filter-paper. Drop it gently into 
a stout round-bottomed' flask, 
or bolthead, F, of from 1-5 to 
2 litres capacity. Push in a 
tight-fitting rubber stopper, R, 
and wire the stopper in firmly 
with copper wire. Weigh the 
flask and its contents carefully. 

Holding the neck with a 
duster, bring the part of the 
flask where the phosphorus is, 
into a snmll Bunsen flame. 
The flask should be held at 
arm's length with the neck 
pointing toward the experi- 
menter. As soon as the 
phosphorus ignites, withdraw the flask from the 
flame, and hold it steadily away from the body till the 
phosphorus ceases burning. Allow the flaak to cool 
down, and when it has r^ained the temperature of 
the room, weigh it carefully. It will be found that 
its weight is unaltered. 

{Note. The flask may burst on account of the in- 
creased internal pressure due to the rise of temperature 
produced by the burning of the phosphorus, but no 
damage will follow such an occurrence if the operation 
be carried out exactly as described.) 

Thus, although some or, it may be, all of the phos- 
phorus has disappeared, and an entirely new body, the 
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white pentoxide of phoaphorus, has been produced, 
there has been no complete destruction nor any creation 
of matter. The phosphorus still exists, no longer in 
the free state, but combined with oxygen ; some of 
the latter has also changed from the free to the combined 
state. To show that the oxygen, or some part of it, 
has been removed from the air, remove the wire from 
the cork, and open the mouth of the flask under water. 
A certain amount of the latter will pass into the flask. 
(Compare Experiments 79 and 80.) Recork the flask 
under water, remove it from the water and shake it 
well. When the oxide of phosphorus has dissolved, 
remove the cork, and insert a lighted taper. The gas 
left in the flask will not support combustion, if sufficient 
phosphorus has been used to combine with all (or most 
of) the oxygen originally present in the flask. 

If, in any other experin^ent, the total quantity of 
stuff, whether gaseous, liquid, or solid, taking part in 
the experiment, together with all the apparatus used, 
be weighed under similar conditions before and after 
the performance of the experiment, it will be found 
that the original weight is unaltered. 

Hence, although we may readily bring about the 
transformation of one kind of matter into another, we 
can neither destroy nor create matter. This last 
statement is known aa " the Principle of the Inde- 
structibility of Matter ", fmd is one of the most 
Important principles of science. 

158. Since the processes of combustion and animal 
respiration both produce carbon dioxide and water- 
vapour, and are both continually going on in the world 
around us, it seems likely that the atmosphere will 
contain some carbon dioxide and some water-vapour. 
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Experiment 92. Expose a little clear lime-water 
on a watch-glass for about twenty minutes. At the 
end of that time the surface will be covered with a thin 
bluish-white skin. This consists of precipitated chalk, 
the particles of which are too fine to break through the 
water-surface and fall to the bottom of the glass. 

The formation of this skin is evidence of the existence 
of carbon dioxide in the air which has come in contact 
with the surface of the lime-water. 

169, A more pronounced result may be obtained 
by aspirating a large quantity of air through lime- 
water. 

Experiment 93. Fit a tall gas-jar, contcdning a 
little clear lime-water, L, with a 
well-fitting cork, C, having two 
holes bored through it. The tubes 
/ and pa«8 through the h,oles and 
fit them closely. 

The tube is connected with 
an aspirator (see Fig. 72} or a 
water- pump. By running water 
from the aspirator (or through the 
pump) the air is exhausted from 
G, and the pressure inside the jar 
thereby lessened. The atmospheric 
pressure is not altered, and hence 
air from the room is forced down ^' 

tube / and bubbles up through the lime-water. By 
passing sufficient air through the liquid, a considerable 
quantity of the white precipitate of calcium carbonate 
may be obtained. 

It will be found that the air must be aspirated 
through the lime-water for some 20 to 30 minutes in 
order to produce this result, showing that the proportion 
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of carbon dioxide contained in ordinary air is extremely 
small. As an interesting corollary to the above experi- 
ment, perform 

Experiment 94. Remove the connection between 
tube and the aspirator. Uncork the jar and pour 
out the lime-water. To clean the inside of the jar from 
any particles of chalk that may adhere to it, poiir in a 
little dilute hydrochloric a^id, shake the jar, and pour 
away the acid. Rinse the jar with several quantities 
of water, and then pour in a fresh supply of hme- water. 
Insert the cork and delivery tubes. Blow air from the 
lungs for a few seconds through tube /. The prompt 
production of a white precipitate affords evidence that 
the proportion of carbon dioxide in expired air is much 
greater than that existing in ordinary air. 

The observation made in the last experiment explains 
why the proportion of carbon dioxide in the air of 
a living-room which is insufficiently ventilated soon 
becomes considerably higher than that contained in 
ordinary air, 

160. To show the presence of water-vapour in the 
air we may either cause some of the vapour to condense 
and hence become visible as water, or may cause some 
substance which has a strong attraction for water to 
remove some of the latter from the air. 

ExPBEiMBNT 95. Nearly fill a small clean dry beaker 
with sodium thiosulphate crystals. (This ia the sub- 
stance known to the photographer as " hypo " from its 
earlier name " sodium hyposulphite ".) 

Pour in sufficient water to just cover the crystals. 
Stir the crystals and water well together with a glass 
rod for about a minute, and then examine the oiUside 
of the beaker. 

The moisture which will be found on the exterior 
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has been deposited from the air. The sodium thio- 
siilphate in dissolving absorbs heat. Since no heat is 
specially supplied to the apparatus, the heat absorbed 
is taken from that originally present in the beaker 
and its contents, and thus the temperature of the 
solution and of the vessel is considerably lowered. 
Hence the air in contact with the exterior of the beaker 
is also cooled. Now this cooled air cannot retaia as 
much water in the form of vapour as it held before 
cooling, and as a result the excess of water-vapour is 
condensed, appearing as small drops on the outside of 
the beaker. 

[Note. The absorption of heat by the solution of 
the sodium thiosulphate, i.e. by its passage from the 
solid to the liquid state, should be compared with the 
heat-absorption which attends the conversion of , ice 
into water, as considered in Chapter X.) 

ExP£Biai£NT 96. Expose on a watch-glass a few 
small lumps of granulated Calcium chloride. Examine 
the chloride at the end of an hour, and compare the 
appearance of its exterior with that of some which has 
not been exposed. Put the watch-glass in an exposed 
position, and examine its contents once more at the 
end of 24 hours, and again after it has been left for a week. 

Substances like calcium chloride, which freely absorb 
moisture, are termed " hygroscopic ". The most hygro- 
scopic substance known is phosphorus pentoxide. 
{Refer to your observations in Experiment 82 on the 
behaviour of this substance when left in the open air.) 
It is hence the best absorbent of water which we possess. 
To show its great attraction for water, try 

Experiment 97. Remove a small quantity of 
phosphorus pentoxide from a bottle of the substance, 
closing the bottle immediately after its removal. 
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Drop the pentoxide quickly into a beaker containing 
a little water. The combination of the pentoxide with 
the water is attended with so much heat that a Uttle 
water is converted into steam, and a sharp hissing noise 
is heard. 

The next experiment affords another striking 
example of hygroscopy. 

ExpEEiMBNT 98. Make a weak solution -of cobalt 
chloride. Write your name on a clean sheet of paper, 
using a clean nib and the cobalt chloride solution as 
ink. Allow the writing to dry, and it will be found 
that the characters will at best be but very faintly 
visible. Now warm the paper carefully over a small 
Bunsen flame. The writing will gradually appear in 
bright blue characters. Dry cobalt chloride has a 
bright blue colour ; when this substance is moistened, 
it has only a very faint pinkish tinge. Allow the blue 
writing to remain in the open air, and examine it from 
time to time. Account for any change which occurs. 

Cobalt chloride solution was one of the earliest of 
the so-called " invisible inks " to be discovered. 

161. The foregoing experiments have shown clearly 
that carbon dioxide and water-vapour exist in the 
atmosphere, and also that they are continually being 
produced by the process of combustion and animal 
respiration. Water- vapour is further being continually 
given off from the surfaces of all exposed sheets of 
water under ordinary circumstances, and it is from this 
source that the major portion of the aqueous vapour 
present in the air is obtained. 

ExFEBiHBNT 99, Nearly fill a small beaker with 
water. Weigh the beaker and its contents carefully 
and mark the level of the water by gumming a strip 
of paper vertically on the outside of the beaker, and 
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drawing a short pencilled line on the paper at the 
water-level. Leave the beaker exposed to the air for 
a day in a part of the room as free from draughts as 
possible. At the end of that time again mark the 
water-level and weigh the beaker and water. Repeat 
this daily for several days. 

An instructive method of recording the observations 
made so- that they may be readily compared, is that of 



Fig. 75. 

plotting the values on squared pai)er. The plotting is 
performed as follows : 

On a sheet of squared paper draw horizontal and 
vertical lines intersecting at 0, as shown in Fig. 75, 
Along the horizontal line mark off a scale of time, 
starting from 0, the consecutive numbers on this scale 
representing the numbers of days since commencing 
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the experiment. Starting again from 0, mark out 
similarly a scale of weights on the vertical line, the 
numbers indicating grams and fractions of a gram. 
To obtain the point corresponding to the first pair of 
observations taken, note the point on the vertical scale 
which represents the losa of weight experienced by the 
water during the first day. From this point draw a 
faint horizontal line to meet the vertical line from the 
figure " 1 " on the time scale. Make a small dot at 
the intersection of these lines and surround it by a 
small circle. Each successive point is obtained in 
similar fashion, the horizontal line from the point on 
the scale of grams which indicates the loss of weight 
during any given day being drawn to meet the vertical 
line from the number representing the corresponding 
number of days that have elapsed since the beginning 
of the experiment. Join the various points thus found 
by short straight lines as indicated 
in the figure. 

(Note. The results obtained 
will he more strictly comparable 
if sufficient water be added each 
day to that remaining in the vessel 
to compensate exactly for the loss 
of weight noted.) 

This experiment may well be 
performed in conjunction with 

ExPBMMENT 100. Fig. 76 re- 
pr^ents an instrument called a 
" wet and dry bulb hygrometer " 
(moisture-measurer) . 

One of the thermometers is an 
ordinary thermometer mounted on ^' ' 

a wooden frame, and the other is an exactly similar 
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thermometer, the bulb of which is surrounded by loose 
Btrands of lamp-wick, the other ends of which dip 
into a vessel which is kept nearly filled with water. 
By means of this arrangement the bulb of the latter, 
instrument remains continually moist. 

Take the readings of both at as nearly as possible 
the same instant. It will be found that the temperature 
recorded by the dry bulb thermometer is higher than 
that shown by the other. The explanation of this ' 
difEerence is as follows : 

Water is always evaporating from the threads in 
contact with the bulb of the latter at a rate which 
depends on the dryness of the air around the bulb. 
We have already shown in Chapter x that when 
evaporation occurs, heat is absorbed. In the case of 
the hygrometer, there is no supply of heat from an 
outside source which can compensate for the heat thus 
absorbed, and hence the heat necessary is suppUed by 
the objects in contact with the water which is being 
vaporised, i.e. by the bulb of the thermometer. As a 
result, the latter is cooled below the temperature of 
the room, and hence the wet bulb thermometer registers 
a lower temperature than its fellow. 

On a very dry day, this difference may be consider- 
able, while if the atmosphere be very moist, it may 
amount to less than 1° C. 

A series of readings of the wet and dry bulb ther- 
mometers should be taken daily at the same time as 
the weighing of the beaker of water in Experiment 99. 
The average differences of temperature during the 
intervals between the times of reading may be assumed 
to be approximately the mean of each pair of consecutive 
difference readings. 

On the same sheet of squared paper as used in 
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Experiment 99, plot the values obtained showing the 
relation between these average differences of tempera- 
ture and the time, using the scale of time adopted in 
tbe previous experiment. The sort of weather experi- 
ence between each pair of consecutive readings should 
also be noted, i.e. whether fine, cloudy, wet, foggy, or 
otherwise. 

ExenUe for Student. 
Try to trace, and to accoimt for, Euiy relation between the average 
temperature difEerences shown by the hygrometer and the loes of 
weight sustained by the water during tbe same intemd. 

162. Tables have been constructed by reference to 
which it is possible to obtain, for any given pair of 
simultaneous readings of the wet and dry bulb ther- 
mometers, an idea of the actual percentage of water- 
vapour present in the atmosphere in the neighbourhood 
of the instrument at the time of observation. As it 
is unlikely that the student will have access to such a 
set of tables, we will next describe a chemical method 
of determining the weight of wat«r-vapour present in a 
given quantity of air. 

Experiment 101. Fit up the apparatus shown in 
Fig. 77. Before commencing the experiment, weigh 
each U-tube with its contents separately, and then 
quickly fix them in position. See that all joints and 
corks fit closely. 

Turn the stopcock so that a aloii' stream of water 
is produced. Continue this till at least 1 litres of water 
have run from the aspirator. Catch the water as it 
leaves the tap in a lai^e measuring vessel. When the 
latter" is filled to its topmost graduation, turn off the 
tap, quickly pour out the water from the measuring 



igitized by Google 



240 Domestic Science 

vessel, replace the latter, and at once re-start the out- 
flow of watflr. Should the aspirator be of less than 
10 litres capacity, disconnect it when empty, rapidly 
refill it, and replace it. Repeat this refilling till the 
requisite quantity has been run out. 

The volume of water collocted is equal to the volume 



Fig. 77. 

A ~ large aspirator fitted with stopDock. 

C = targe U-tube filled with pumice-atone moiatened with pure 
sulphuric acid. 
T, I" - smaU U -tubes filled lumilarly to 0. 
K, K...= tight'fitting rubber stoppers. 

R,B= retort stands. 
/. J, Js cloae'fitting rubber joints. 

of air which has passed through the drying -tubes. 
Disconnect the latter, and quickly re- weigh ea^h 
separately. 

The increase in weight of C is the weight of the 
moisture present in the volume of air passed through it. 
Any increase in the weight of T beyond, say, -005 g., 
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shows that the air passage has been too rapid, and that 
all the moisture in the air has not heen absorbed in G. 
T' should also show no appreciable gain in weight. Its 
function is to prevent backward difEusion of the moisture- 
laden air from the aspirator into either T or C. 

It will be found that, even when 10 litres of air have 
been passed through the tubes, the gain in weight is 
small, and hence every care must be taken in order to 
obtain a good result. 

Further, it must be clearly understood that, by 
this method, only the ai)€rage amount of moisture present 
in the air around the apparatus during the whole time 
of the experiment can be ascertained, and not the actual 
amount present at any given instant. 

163. Besides the substances already mentioned 
there are numeroun otlier bodies found in very small 
quantities in the an-, especially in the neighbourhood 
of towns and cities. The table below gives the 
percentage composition by volume of what may be 
considered an average sample of ordinary air. 

Per cent. Per cent. 

Mitrogen 7695 Hydrogen , , , . 0-019 f 

Ozf gen . . . . . . 20*66 Ammonia 'l 

Aqueous vapour . . 1-40 Nitric acid I n^on 

Argon O'M Hydrogen peroxide j 

Carbon dioiide . . . . 0034 Ozone 1 ) 

In addition to the above, traces of sulphur com- 
pounds, such as sulphur dioxide and sulphuretted 
hydrogen, are found in the air of towns where coal and 
coal-gas, both of which contain a little sulphur, are 
used. Further, ordinary air is never entirely free from 
small solid impurities, such as dust and soot particles, 
and small living organisms known as bacteria. 

1 64. Since carbon dioxide is being continually formed 
by the respiration of animals and by the burning of fuel, 

H. D. B. 16 
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the total quantity produced during the period since 
animals first came into existence and ftte was dis- 
covered must be very great. A corresponding amoimt 
of oxygen must have been removed from the air in 
order to combine with the carbon and thus form the 
carbon dioxide. It would therefore seem probable 
that the percentage of carbon dioxide in the air would 
increase, and that of oxygen woidd diminish, in the 
course of- ages. We believe, however, that these 
percentages do not appreciably vary, and two factors 
are concerned in this unchangeableness of the amounts 
of the two gases to be found in the atmosphere. Firstly, 
the carbon dioxide formed at any spot is rapidly diffused 
through the surrounding air, and the total mass of the 
Earth's atmosphere is so enormous that it would take 
an exceedingly long time for the proportion of carbon 
dioxide found in an ordinary sample of " fresh " air 
to be altered to a sufficient extent for the change in 
amount to be detected even by the moat delicate 
methocU at our disposal. Secondly, the carbon dioxide 
■ — a waste product of the animal organism — provides 
food-material for plants. Their structure is such that 
they are capable of absorbing carbon dioxide from the 
air under suitable conditions, using the carbon to build 
up their tissues, and returning oxygen to the air. 

Experiment 102. Fit up the apparatus shown in 
the annexed figure. The flask should have a capacity 
of about two litres and should be entirely filled with 
ordinary tap-water. The common water-weeds are 
the best plant material . to place in the water as 
shown. Put the whole apparatus in bright sun-light 
with the test-tube, filled with water, fixed in the 
position indicated in the figure. Bubbles of a gas will 
be slowly disei^a^ed from the surface of the leaves 
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and, in time, sufficient of this gas will collect in the 

upper end of the test-tube for its 

nature to be tested. Remove the 

tube, placing the thumb under its 

mouth to prevent the entrance of 

air, invert it, and apply a glowing 

splinter of wood to the mouth of 

the tube. The wood will burst into 

flame — a result which we learnt in 

Experiment 44 to be characteristic 

of the gas oxygen. 

The plant has acted upon the 
carbon dioxide dissolved in the tap- 
water and has produced oxygen as 
a waste-product. To emphasise the 
part played by the dissolved carbon 
dioxide the experiment may be re- 
peated, the flask being filled with 
(a) tap-water which has been boiled 
for twenty minutes and then quickly 
cooled in a flask of which the mouth 
is Ughtly stoppered with a plug of 
cotton-wool ; (6) some water through which carbon 
dioxide has been allowed to bubble for several minutes. 

Exeraae for Student. 

Account for the varying behaviour ot the water-weed under the 
difFereat conditions auggeeted above. 

165. It must not be inferred that plants under ail 
circumstances evolve oxygen. Carbon dioxide is pro- 
duced by the activity of a living plant in certain 
conditions. As an example of this, the following 
experiment is instructive. 

Itt— 2 
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ExPBRiHBNT 103, Place a layer of moistened saw- 
dust at the bottom of a gas-jar. On this drop some 
, French or haricot beans, or other large seeds. Cork 
up the mouth of the flask firmly and store it in a warm 
place in the dark for some days. Examine the jar 
from time to time, and when the seeds have germinated, 
allow them to grow for two or three days. At the end 
of that time, uncork the flask, and test the contents by 
inserting {a) a drop of lime-water on the end of a glass 
rod ; (6) a lighted taper. The air of the jar wiU afford 
evidence of the presence of a considerable proportion of 
carbon dioxide when tested in this way. 

The decay of all forms of plant life is of the nature 
of slow combustion and is attended by the formation of 
much carbon dioxide. 

ExFKRiMKNT 104. Fit up two large jara as indicated 
in Fig. 74. Half fiU one with moist decaying vegetable 
matter, such as dead leaves. Fit the cork and tubes 
to the jar and allow it to remain undisturbed in a warm 
place for about a day. At the end of that time con- 
nect the outlet tube with the inlet tube of the second 
jar, having previously poured a quantity of clear lime- 
water into the latter vessel. Attach an aspirator or 
pump to the outlet of the second jar and cause a gentle 
stream of air to pass through the apparatus for a short 
time. The production of turbidity in the lime-water 
in a much shorter time than was the case in Experiment 
93 affords evidence that the air in the jar containing 
the decaying matter is considerably richer than ordinary 
air in carbon dioxide. 

166. The water- weed in Experiment 102 was said to 
obtain a supply of carbon dioxide from the water in 
the flaak. In addition to carbon dioxide, the other con- 
stituents of the air also dissolve in water to some extent. 
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Experiment 105. Fill a flask of about 1 litre in 
capacity with water. Push in, with a screwing motion, 
a tight-fitting rubber stopper, carrying a bent delivery- 
tube as shown in Fig. 79. Pushing in the stopper 
should result in filling the delirery-tube with some of 
the water from the flask. The upper end of the tube 
should be flush with the bottom of the stopper. Insert 
the free end of the tube under the mouth of the gradu- 
ated vessel, which may well be a 100 c.c. measuring 
tube or cylinder. Heat the water to boiling-point. 
Bubbles of gae will be formed as the liquid becomes hot. 



Fig. 79. 

and these will rise to the top of the flask, escaping 
later via the tube into the coUecting vessel. Continue 
the heating for about ten minutes after the water has 
reached boiling-point. At this stage remove the 
measuring tube to another part of the trough and then 
turn out the burner. Observe carefully what happens 
as the water in the flask cools. 

Exercise for Sivdent. 
Aooonnt for all obserrations made aa the water coola. 
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The nature of the gas which has been collected may 
be tested after allowing the water and gas in the measur- 
ing tube to cool. We already know that caustic potash 
solution readily absorbs carbon dioxide. After reading 
the volume of gas collected in the tube, with the water 
inside and outside the tube at the same level, insert a • 
small stick of caustic potash under the mouth of the 
tube, close the mouth with the thumb and remove the 
tube from the water. Shake the tube till all the potash 
has been dissolved and then remove the thumb under 
water. Read off the volume of ga« remaining. 
The difference between the two volumes will be the 
amount of carbon dioxide contained in the gas collected 
from the water. Part of this carbon dioxide was 
dissolved in the water as such, and part in the form of 
compounds which are decomposed by heating them to 
the temperature of boiling water. (See Part II, Hard- 
ness of Water.) 

The remainder of the gas in the tube consists almost 
entirely of oxygen and nitrogen. To determine roughly 
their relative amounts, put about 01 g. of pyrogaUic 
acid — the " pyro " of the photographer — into a filter- 
paper, roll it up tightly, and insert it under the mouth 
of the tube. Close the tube as before with the thumb 
and remove it from the water. The pyrogallic acid 
will dissolve readily and, in the presence of the 
caustic potash already in solution, will quickly 
absorb the oxygen, if the tube and its contents be 
gently shaken. The liquid will assume a deep brown 
tint as 'a result of this absorption. After shaking for 
about five minutes remove the thumb under water and 
again read off the volume of gas which remains in the 
tube. This may be taken as representing the nitrogen 
in the gas originally collected, while the volume which 
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has disappeared as the result of the treatment with the 
pyr<^allic acid ia that of the oxygen present. Compare 
the volume-ratio between the nitrogen and the oxygen, 
as thus obtained from water, with that in which they 
exist in the air. 

Exercise for Sludeni. 



We shall be able to make use of the observations 
recorded in this experiment in later work dealing with 
the nature of the two suhstances, air and water. 

167. That many metals, more especially iron, rust 
when exposed to the action of water is a familiar 
everyday experience. We will next try to show the 
conditions under which rusting may or may not take 
place. 

ExPBRiBfENT 1 06. Completely fill a j ar with recently 
boiled and cooled distilled water. Into this drop a 
piece of clean bright iron. A new screw which has been 
well washed with soap and water and thoroughly rinsed 
will serve excellently. Allow the screw to remain in 
the tightly stoppered jar for several days and examine 
its appearance daily. 

Cover the bottom of a second jar with a layer of 
small lumps of calcium chloride. Cork up the jar and 
put it on one side for a day. At the end of that interval 
hang a second screw similarly cleaned and then dried 
in the jar by means of a piece of string kept in position 
by the cork, In such a way that the screw does not touch 
the chloride layer. As before, examine the appearance 
of the screw daily for some days. 

Drop enough tap- water into a third jar to cover 
the bottom to the depth of about one-tenth of an 
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inch, A third screw is to be dropped into this jar, 
which is then securely stoppered. Examine the appear- 
ance of this screw at the same times as the others are 
examined. 

From the observations made in the above experiment 
it will probably be inferred that neither pure water, 
free from dissolved gases, nor dry air, can alone cause 
the formation of rust. Exposure to the combined 
effects of moisture and air, however, readily brings 
about this change. The rust is of somewhat variable 
composition, being a mixture of the brown oxide of 
iron, called "ferric oxide", with a compound of this 
oxide with the elements of water, called " ferric 
hydroxide ". It seems probable that the carbon dioxide 
of the air plays a part in the rusting, since the addition 
of a little solution of caustic potash to the water will 
prevent the formation of the layer of rust. 

168. The gases of the air dissolved in water are .of 
considerable importance to the maintenance of life. 
We have already noted the part played by the dissolved 
carbon dioxide in the vital proeeasea of water-plants. 
The dissolved oxygen has an equally important function 
in that aquatic animals are dependent upon it for their 
supply of this gas, which is as necessary for their 
existence as for that of ourselves and all other land 
animals. The gills of a fish are composed of delicate 
membranes through which the air dissolved in the 
water is able to pass, the fish using the oxygen and 
returning the other gases and the carbon dioxide pro- 
duced by the oxidation of its food to the water in 
which it lives. If placed in recently boiled and cooled 
water, a fish rises to the top of the water in a gasping 
condition and speedily dies from suffocation if it be not 
removed into some ordinary water. Again, if a number 
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of iiBh be kept in a limited quantity of water, they soon 
die, since they quickly remove the dissolved oxygen and 
the water becomes too foul for their continued existence 
to be feasible, just as a closed room in which a number 
of people are living becomes unfit for habitation unless 
some method of supplying fresh air be adopted. 

QUESTIONS 

1. Suggest a method of determining roughly the percentage 
Tolnme of carbon dioxide in respired air. 

2. The air of a deep well or mine is aometimes tested before 
mKi go down by lowering a lighted candle at the end of a rope. What 
information concerning the state of the air is obtained by this 

3. How would you try to show that the air of a living-room 
contained a lai^r proportion of carbon dioxide than the outside air T 

4. The density of carbon dioxide is 1^ times, and that of nitn^n 
J,, that of oxygen. Explain why the atmosphere is not composed 
of a layer of carbon dioxide near the Earth's surface, with con- 
eeontive layers of oxygen and nitrogen above. 

6. Give an account of the part played by each of the varions 
oonstitnentB of the air in plant and animal life. 

6. Describe a process of estimating the proporticHi of oxygen 
in a sample of air which neither involves the direct oxidation of iron 
nor of phosphorus. 

7. Name the five principal constitnenta of ordinary air, and 
describe experiments by means of which the presence of any two 
ot them in air may be shown. 

8. How can the presence of wafer- vapour in the air be aocount«d 
for? 

9. What do you nnderstand by the statement that iron is an 
element T Classify the following bodies as elements or compounds : 
tin, water, chalk, nitrogen, ai^on, iron rust. 

10. The speoijic gravity of nitrogen is I that of oxygen. Using 
the percent^e volumes given in Chapter xiii, find the percentage 
weights of nitrogen and oxygen in air. 



igitized by Google 



250 Domestic Science 

11. Deaoribe how you would arrange an experiment to demon- 
strate that the products of combustion of ordinal^ coal-gas weigh 
more than the ooal-gas burnt. 

12. Cooking-salt frequently becomes very damp when exposed 
to the air, while prepared table-salt under similar circnmBtances 
remains dry. Suggest reasons for this difference in behaviour. 

13. One cubic centimetre of steam weighs '000S05g., and the 
same volume of fur weighs 00129 g. Calculate the weight of water- 
vapour in 100 litres of air, if th© air contains 1'6 per cent, by volume 
of water-vapour. • 



CHAPTER XV 

OXYGEN 

169. Nitrogen may be obtained from the air in a 
state of comparative purity by any of the several means 
described in Chapter xm. No simple method has been 
devised whereby the oxygen may be directly separated 
in similar fashion. It is possible to show indirectly 
that this gas is actually present in the atmosphere 
by carrying out somewhat lengthy and troublesome 
experiments. The best known of these, ascribed to 
the famous French scientist, Lavoisier, and used by 
him to show that the ideas prevalent in his day con- 
cerning the nature of the changes involved in rusting 
and burning were entirely fallacious, deserves descrip- 
tion. 

In the bulb of the curiously shaped retort shown in 
the adjacent figure, Lavoisier poured a quantity of 
mercury, which had been carefully weighed. The end 
of the bent neck of the retort dipped under the surface 
of mercury in the trough, and the air in the retort and 
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that in the bell-jar were in communication with one 
another via this neck. The retort was then heated 
cautiously by means of the furnace to a t-emperature 
just short of that at which mercury boils. After some 
hours the surface of the mercury became covered with 
reddish specks, and a simultaneous rise in the level of 
the mercury within the bell-jar took place. The heating 
was continued for a considerable time, and at length 
no more of the red substance seemed to be formed and 
the mercury rose no further in the bell-jar. To make 
quite certain that no more of the air could be caused to 




Kg. 80. 

disappear, the heating was kept up for over eleven days. 
The apparatus was then allowed to cool and the decrease 
in voltime of the air contained in the bell-jar was 
measured as carefully as possible. All the red powder 
was next removed from the surface of the mercury in 
the retort, placed in a smaller retort, and heated 
strongly. A gas was evolved and this was collected in 
a graduated measuring jar. Mercury alone was left 
in the smaller retort as a r^ult of this treatment and 
the volume of the gas given off was found to be exactly 
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equal to the decrease in the volume of the air in the 
earlier part of the experiment. The gas left in the 
bell -jar was shown to be irreapirable and a non-supporter 
of combuation, while that obtained by heating the red 
powder gave evidence of possessing the opposite chara«- 
teristics to a marked degree. 

The repetition of the first part of Lavoisier's experi- 
ment cannot be readily carried out, but we may test 
the latter portion with ease by repeating Experiment 44, 
since the red oxide of mercury used in that experiment 
is no other than the red powder formed in Lavoisier's 
experiment. The change of the mercury into the red 
powder is expressed by the chemical equation : 

Mercury + oxygen = mercury oxide. 
The reverse change brought about in the later stage of 
the same experiment is written thus : 

Mercury oxide = mercury 4- oxygen. 

A somewhat similar method is made use of to 
obtain lai^e supplies of oxygen from the air by the 
manufacturing process known as "Brin's process". 
In this, barium oxide is heated in air under pressure, 
when it combines with oxygen to form barium dioxide. 
This substance is then heated at the same temperature 
imder a very much reduced pressure, and the oxygen 
with which it combined previously is set free. 

Equations : 
Barium oxide -t- oxygen = barium dioxide ; 
Barium dioxide = barium oxide 4- oxygen. 

170, Oxygen may also be obtained by the action 
of heat on many other oxides. 

ExPBBiMENT 107. Treat some red lead oxide — 
commonly known as red lead — in a similar fashion to 
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that in which the mercury oxide was treated in Experi- 
ment 44. Test for the evolution of oxygen with a 
glowing splint. Examine the product left in the tube. 
It is known as lead oxide or litharge. 

Bed lead oxide = yellow lead oxide + oxygen. 

Experiment 108, Into a small tube made of hard 
glass — a test-tube will not stand the temperature 
necessary — put some black manganese dioxide. Heat 
this strongly with a powerful Bunsen flame, and test 
from time to time with a glowing splint. At a red heat 
oxygen may be recognised. Note any change in the 
powder after no more oxygen seems to be produced. 

Manganese dioxide = brown oxide of manganese 
+ oxygen. 

171. Many other substances besides oxides give 
off oxygen on being heated, especially nitrates and 
chlorates. 

ExPEEUMENT 109. Heat some nitre in a small hard 
tube. Observe the behaviour of the crystals and test 
for the evolution of oxygen. Continue the heating till 
no more gas is given off. 

Potassium nitrate = potassium nitrite -f- oxygen. 

(nitre or saltpetre) 

ExPEBiMEirr 110. Heat some potassium chlorate 
in a test-tube, taking note of the behaviour of the 
compound and of the amount of heating required to 
cause oxygen to come off. As before, continue heating 
till no more change occurs. 
Potassium chlorate = potassium chloride -I- oxygen. 

172. When oxygen is required in quantity for 
laboratory work with the gas, a mixture of two of the 
bodies named above is in common use. 
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ExFBBiHENT 1 U . To a watch-glassf ul of potassium 
chlorate add about one-fifth its bulk of manganese 
dioxide. Mix the two substances weU together and 
transfer the mixture to a test-tube. Fit the test-tube 
with a well -fitting cork, through which passes a doubly- 
bent delivery tube. Complete the fitting up of the 
apparatus as shown in Fig. 81. Heat the tube gently 
by making the Bunsen flame of sueh a height that the 
tip just touches the under surface of the test-tube. 
Start the heating at the end of the mixture nearer the 







Pig. 81. 

mouth of the test-tube and, when all the oxygen has 
come off from this portion, gradually transfer the flame 
toward the sealed end of the test-tube. Oxygen will 
be quickly given off and several jars may be obtained 
from the quantity of mixture suggested for use. 

173. On consideration of the temperature required 
to procure oxygen from this mixture, it wUl probably 
be noticed that it is given off much more readily from 
the mixture than from either of the two substances 
separately. Careful investigation of the action which 
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occurs has shown that the oxygen is supplied by the 
potassium chlorate and that the majiganese dioxide is 
apparently unaltered during the experiment, being 
recoverable from the residue in the test-tube unchanged 
in quantity. Many similar reactions are known in 
which a substance causes the result of a reaction to be 
brought about more readily but itself appears to under- 
go no change. The learned name given to this pheno- 
menon is "catalysis", which means "decomposition 
by contact". Because we have this name in our 
memories, however, we must not think that we know 
more about the peculiar nature of the action. Up to 
the present no perfectly satisfactory explanation of 
why the manganese dioxide should help the potassium 
chlorate to give up its oxygen has been put for- 
ward. 

174. With the oxygen obtained aa above, the follow- 
ing experiments should be performed. 

Experiment 112. Insert a glowing splint of wood 
into one jar. Observe the brightness of the flame pro- 
duced. Into the same jar, if all the oxygen be not 
used up, introduce a lighted candle on the end of a 
piece of copper wire. Observe the decrease in size and 
the gain in brightness of the flame. 

Exercue for Student. 
How do you explain the smaller size of the flame of the candle 
when it bums in oxygen T 

ExFEBiHENT 113. BuTu coal-gas from a small glass 
jet in a second jar of oxygen by means of the arrange- 
ment indicated in the figure. Note any changes in the 
nature of the flame. Should the heat produced 
be sufficient to close the jet by melting the edges of 
the glass together, another tube may be prepared 
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with a small roll of platinum foil fused into the end 
of the tube to form the jet. 

ExFEBiMBNT 1 14. Flace a 
piece of charcoal, about the size 
of a hazel-nut, in a deflagratii^ 
spoon, and lower the spoon into 
another jar of oxygen, after 
igniting one comer of the 
charcoal in the Bunsen flame. 
When all burning has ceased, 
remove the spoon, quickly pom- 
in some water, and at once cover 
the mouth of the jar with a glass 
plate. Shake the jar and its 
contents well. Into the hquid 
thus obtained drop a little 
Utmus solution. The bluish solution will become of a 
dull purplish-red colour. 

By burning a second piece of charcoal in a fourth 
jar, it may be shown, by inserting a lighted taper and 
by shaking up a little lime-water in the jar, that the gas 
left in the jar, after the combustion has taken place, is 
carbon dioxide. 



Fig. i 



Carbon -I 



= carbon dioxide. 



h oxygen = 

ExPBMMENT 115. Bum a small piece of brimstone 
or sulphur in similar fashion in a fifth jar. Observe 
the production of white fumes, evidence that a certain 
amount of a substance called stilphur trioxide has been 
formed during the burning. The main product of 
the action, however, is a colourless gas, sulphur 
dioxide, and the presence of this may be detected 
by cautiotisly smelling the contents of the jar after 
combustion has ceased. Shake up with water and 
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test with blue litmus solution as in the previous 
experiment. 

ExPEBiMBNT 1 16. Burn a small piece of phosphorus 
in another jar, carefully observing all the precautions 
mentioned in Experiment 78 during the handling of* 
the substance. After the jar has cooled, shake up with 
water and test with litmus as in the. two last described 
experiments. 

Equations : . . ■ 

Sulphur + oxygen = sulphur dioxide. 
(Sulphur + oxygen = sulphur trioxide.) 
Phosphorus + oxygen = phosphorus pentoxide. 

175. As a common result of the testing with blue- 
litmus solution in Experiments 114, 115, and 116 it will 
have been noticed that the products of the combining 
of the three elements, carbon, sulphur, and phosphorus, 
with oxygen all possess, when dissolved in water, the 
power of turning blue litmus red. Similar observations 
wore made by Lavoisier, Bodies which have this 
property are termed "acids", so he gave the name 
" oxygen " (from Greek, oxw«, sharp or acid, and gtenTiao, 
to produce) to the gas which he thought was a chaxac- 
teristie constituent of all acids. We now know that ' 
his idea is incorrect, but we retain the name oxygen for 
the gas. 

Experiment 117. Sodium is a peculiar metal which 
is kept in bottles containing paraffin oil in order to 
protect the metal from the oxygen of the air. Remove 
a small piece, not larger than a pea, with dry crucible 
tongs from a bottle and place it on some dry filter- 
papers on a dry bench. Absorb the greater part of the 
adhering oil by gentle pressure with the papers and 
put the sodium into a dry deflagrating spoon. Avoid 
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touching it with the fingers, unless these are qiiite dry. 
Start the burning of the sodium by heating the spoon 
in a Bunsen fiame. (Ignore the flame first produced, 
since this is only the paraffin not removed by the filter- 
* paper burning away.) Lower the spoon into a jar of 
oxygen and allow it to remain till all burning has ceased. 
Observe the energetic nature of the combination of the 
metal with the gas. When the whole apparatus is 
quite cold, shake up some water in the jar, and dip the 
end of the spoon into the water. A vigorous action 
will probably be noticed when this is done, accompanied 
by a hissing noise. No danger attends this, if the piece 
of sodium used be not larger than suggested. Test the 
■ action of the solution produced upon red and blue 
litmus papers. The latter will be unaffected, while the 
red paper, the colour of which has been produced by 
allowing a small quantity of acid to act upon the 
colouring-matter, is rendered of a bright blue tint. 
This result shows that Lavoisier was somewhat hasty 
in his conclusion that oxygen was tj^ically an " acid- 
producer". The main product of the combustion of 
sodium is an oxide called sodium peroxide. When this 
acts upon water, part of the oxygen is set free, and the 
' remainder of the substance behaves as if it were an 
oxide with a lesser proportion of oxygen, called sodium 
oxide. 

Sodium -I- oxygen = sodium peroxide. 
176, The reactions of the various oxides upon water 
may be thus represented : 

Carbon dioxide + hydrogen oxides hydrogen ouhonate 

(water) (carbonic acirl) 

Sulphur dioxide + „ „ ~ hydrogen milphite 

(aiilphurouB acid) 
("Sulphur trioiidr-+ „ ,, —hydrogen sulphate 1 

\ (sulphuric acid) J 
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PIiospboniB peiitoxide + hydrogen oxide = h]FdTt>gen metaphiMphate 

(water) (metaphosphorjo acid) 

SodioDKnide + „ „ =eodium hydroxide 

(caustic soda) 
Bodies like caustic soda, which, when dissolved in 
water, are capable of producing the reverse change in 
the colour of litmus to that effected by the action of 
acids, are termed "alkaline" (from the Arabic al, the, 
and qali, the ashes of a plant, known as glasswort, from 
which soda was first obtained). 




Fig. 83. 

177. Substances which are not looked upon 
ordinarily as combustible may often be burnt in oxygen. 
Iron is used in the construction of fire-grates and for 
many other purposes where strength and resistance 
to the action of heat are desirable properties. That 
it would be no longer of service to man in this way 
if the atmosphere consisted of oxygen alone is demon- 
strated by 

Experiment 118. To the end of a piece of watch 
or clock spring affix a short length of wax-taper by 
17—2 
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means of the fine iron wire used for tying up flowers. 
Wire the other end of the spring to a cork, which fits 
the neck of a bell-jar. Fill the bell-jar with oxygen, 
and stand it over water in a shallow plate. {The filling 
may be done well enough for all practical purposes if 
a rubber tube, attached to the end of the delivery tube 
of an apparatus in which oxygen is being generated, 
is allowed to dip to the bottom of the jar, while the 
latter is standing in position on the plate, and the gas 
passed in for about three minutes in a steady stream.) 
When the apparatus has been prepared as above, light 
the taper, and while it is still well alight, plunge taper 
and spring into the bell-jar. The great heat produced 
by the burning of the taper in oxygen will be sufficient 
to start the combustion of the iron. Vivid glowing of 
the molten ball of metal formed at the end of the spring, 
accompanied by showers of bright sparks, will be ob- 
served as the iron bums away. The sparks consist of 
a black oxide of iron, and they may be found at the 
bottom of the water after the completion of the burning. 
Pour the water from the plate into a jar and see that 
as much of the iron oxide as possible is transferred to 
the same jar. Shake the jar and its contents well and 
test whether the liquid left in the jar has any effect 
on either red or blue litmus. {Should any positive 
result of these tests be obtained, repeat the experiment 
with water previously tested with regard to its aetion 
on litmus and found to be neutral, i.e. neither acid nor 
alkaline.) 

178. We have now learnt enough of the qualities 
of oxides to be able to classify them into certain groups. 
Thus we have acidic oxides — those which form acids 
when combined with the elements of water. Con- 
trasted with these are the basic oxides of which we have 
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sodium oxide and the black oxide of iron as examples. 
Should the basic oxide, when combined with the 
elements of water, form a hydroxide soluble in water, 
this solution is alkaline in reaction. Those hydroxides 
insoluble in water, such as ferric hydroxide, the sub- 
stance formed when the brown oxide — ^the chief con- 
stituent of iron rust — is caused to combine indirectly 
with the elements of water, cannot, of course, show any 
action upon litmus, and hence such hydroxides are 
not alkalis. They are termed simply bases. Most of 
the metaUic hydroxides are of this class. We shall 
return to this method of classification of the oxides later. 

Water itself — hydrogen oxide — is neutral in reaction, 
and is hence known as a netdral oxide. Further, when 
two or more oxides of a metal are known, and the 
highest gives off oxygen under suitable conditions, 
this oxide is termed a peroxide (Latin, per, very). 

179. Several examples of chemical reactions have 
now come under our notice, and we have had evidence 
that a considerable amount of energy must be contained 
within the substances taking part in the various changes 
studied. This form of energy is caUed " chemical " 
enei^. During many of the actions chemical energy 
has been degraded into heat, e.g. large quantities of 
beat were produced during the combustions of the 
different substances burnt in oxygen. On the other 
hand, heat had to be supplied in order to maintain 
some of the changes, such as those in which mercuric 
oxide was made from its elements, and vice versa. 
Here heat energy is changed into chemical energy. 
Reactions of the first class, in which heat is evolved, are 
termed "exothermic", while those in which the con- 
tinuous provision of heat is required for the completion 
of the change are called " endothermic " reactions. 
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180. In our previous work we have considered the 
unit particle involved in questions dealing with energy 
to be the molecule. For the purpose of explaining the 
phenomena of chemistry, a new unit ia needed. Mole- 
cules are supposed to consist of exceedingly small 
particles, termed " atoms " (Gr., a, without ; tome, 
cutting), those substances the molecules of which have 
only one kind of atom being the elements, while those 
possessing different sorts of atoms in each molecule 
fire what we have previously termed compounds. 
Chemical energy resides chiefly in the atoms. The 
formation of new combinations of these, resulting in 
the production of compounds, and the breaking up of 
combinations already existent, simpler compounds or 
elements being thus brought into being, cause changes 
in the quantity of chemical energy present before and 
after the actions are brought about. In the former 
kind of change, " combination " or " synthesis " is 
said to occur, while an action of the latter kind is 
termed a " decomposition " or " analysis ". 

181. The equations we have hitherto used to 
represent in brief the course of a chemical reaction are 
not, strictly speaking, " chemical " equations. In these 
latter, much more information is provided as to the 
probable nature of the chemical action concerned than 
is to be found in our previous equations. Thus the 
burning of carbon in air or oxygen is indicated by the 
equation 

C + Oa = COa. 

Here C is a symbol signifying " one atom of the 
element carbon " ; 0^ is a formvla for " one molecule 
of oxygen composed of two atoms of that element " ; 
COa is the formula for " one molecule of the compound 
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carbon dioxide, consisting of one atom of carbon com- 
bined with two atoms of oxygen". Hence such an' 
equation would be read thus : 

One atom of carbon combines with the oxygen in 
one molecule of oxygen to form one molecule of carbon 
dioxide. 

Further, since we have means of determining the 
relative weights of the atoms of the various elements, 
the above equation also shows that 12 unit weights 
(grams, ounces, tons, . . . ) of carbon combine with 
32 similar unit weights of oxygen to form 44 unit 
weights of carbon dioxide. 

The complete discussion of this matter of chemical 
symbols, formulae, and equations, and their proper use, 
i^ beyond the scope of this book. Hence they will not 
be introduced in later chapters unless it is desired to 
lend special emphasis to some important consideration 
thereby. 

The student is advised to abstain from the indis- 
criminate use of the various symbols and formulae as 
mere abbreviations for the names of the different 
substances, in order to avoid the confusion which 
frequently arises from using them wrongly. 

QUESTIONS 

1. Describe as fully as you can a method of obtaining a sample 
of oxygeq from the air. 

2. Discuas the suitability or otherwisa of the name oxygen foi 
that element. 

3. Try to classify all tlie oxides already mentioned under one 
of the heads given in the latter part of the chapter. 

4. How would you endeavour to find out whether magnesium 
frnms an acidic or a basic oxide T Write out what you think would 
be the chemical equations representing any changes involved in your 
method. 
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5. MaJte a list of aJl the propeities of oxygen, both physical' 
-and chemical, with which you ore acquainted. 

6. Devise a method of finding out if the solution of oxygen 
itself in water ia ttoid or alkaline. 

7. By what teete would you show the nature of the products 
formed in Experiment 113 T 

8. ClasHify as far as you can all the chemical reactions already 
mentioned in the text aa (a) cases of synthesis or analysis ; {b) exo- 
thermio or endothermic. Try to draw a conclusion from the com- 
parison of the groups into which the reactions fall when arranged 
under these four heads. 

9. Oxygen supports combustion much more vigorously than 
ail. What reason can you suggest for this ? 

10. Before Lavoisier's day substances, such as zinc, when burnt, 
were supposed to give up a peculiar substance, termed "phlogiston", 
which was restored to them when they were caused to resume the 
metaliio state by any suitable means. Suggest an experiment by 
which the accuracy of the former part of this statement may be 
.tested. 



CHAPTEB XVI 

PHYSICAL PROPERTIES OF WATER 

182. A certain amount of inionnation concerning 
the nature of water may be obtained from our previous 
work on that substance. We already know that it is 
a colourless liquid, with a density of 1 g. per c.c, freez- 
ing at 0*^ C, and boilii^ at 100° C, imder an atmospheric 
pressure of 760 .mm. We have, further, made use of its 
power as a solvent for salt and similar bodies. In the 
state in which it naturally occurs, water is never quite 
pure, and the water which we ordinarily make use of 
for washing and drinking purposes contains small 
quantities of other substances dissolved in it. With 
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the gases thus held in solution we have already dealt, 
and our next study will be the question of the solid 
matter similarly present and the methods in general 
use for its removal when required. 

Experiment 119. Lot six drops of water from the 
tap fall upon a careftdly cleaned watch-glass. Place 
the glass upon a tripod stand, a piece of fine wire gauze 
being inserted under the glass. Heat the glass and its 
contents with a Bunsen flame 
of such a height that the tip 
of the flame just touches the 
under surface of the gauze. 
Continue the heating until the 
water has almost entirely dis- 
appeared, and at this stage 
remove the burner. The hot 
gauze win complete the evapor- 
ation of the last traces of the 
liquid. Examine the residue 
at the bottom of the watch- 
glass. This consists of the 
solid matter previously in solution in the water. Pre- 
serve the glass for purposes of comparison with results 
obtained in later work. 

183. To obtain a clearer idea of the relative ■ 
quantity of solids thus dissolved in the tap-water, 
perform 

Experiment 120. Weigh a clean dry porcelain 
dish to the nearest milligram. Into the diah intro- 
duce, by means of a pipette, 25 c.c. of tap-water. 
Pla«e the dish upon a water-bath. (The usual labora- 
tory apparatus may be replaced without loss of efficiency 
by a beaker, of which the mouth is of such a size that 
the dish will just rest upon it.) Heat the water in the 
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bath to boiling. The heat evolved during tlie con- 
densation of a portion of the steam on the bottom of 
the dish will cause the water in the dish to evaporate 
slowly. When it has all disappeared run in another 
26 c.c. and again evaporate to dryness. Similarly treat 
two further quantities of 25 c.c. Allow the dish to 
cool and. weigh it once more. The increase in weight 
will be that of the solid matter dissolved in lOOc.c. — for 
all practical purposes the weight of this may be taken 
as 100 g, — of the tap-water. 

Should other supplies of water be readily available, 
the percentage of dissolved solids may be found in 
similar fashion. River-water, spring-water and rain- 
water can usually be tested without much difficulty 
with regard to obtaining supplies of any one of them. 

184. In cases where the quantity of dissolved sohd 
matter in a water-supply is not excessive, and no 
deleterious substances are to be found among those 
dissolved, the removal of the solids in solution is not 
necessary. Where, however, the presence of a specially 
lai^ amount, or of harmful bodies, is known, recourse 
is had to the process of distillation in order to get rid 
of the sohds. In this process, advantage is taken of 
the observation already made — that the solids are not 
■ easily vaporisable and remain in the vessel in which 
water is boiled. 

Experiment 121. Half fill the body of a tubulated 
(i.e. stoppered) retort with tap-water. Arrange the 
retort upon a stand with its neck dipping into a small 
flask, which floats on the surface of water in a large 
earthenware trough, as indicated in Fig. 86. Heat the 
water in the retort to boiling-point by means of a 
small Bunsen flame. Some of the steam produced will 
condense in the neck of the retort, and in the flask. 
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When about 2 c.c. have been collected in the latter, 
remove the burner, and rinse out the flask with this 
first portion of the distillate. Throw away the rinsings. 
Replace the flask in position and heat the retort once 
more. When about half the water in the retort has 
boiled away discontinue the heating and preserve the 
contents of the flask for further investigation. 

Taste the distilled water after it has become cold 
and compare its taste with that of some of the tap- 
water. It will be found to be very insipid in compari- 
son with the latter. Evaporate six drops on a watch- 
' glass by the method of Experiment 119. If the 




Fig. 85. 

distillation has been carefully carried out, the residue 
will be scarcely appreciable in amount. (Total absence 
of residue must not be looked for, since water at the 
boiling-point attacks glass to a slight extent, the 
attacked portion dissolving in the water, and being 
left behind when the water is evaporated to dryness.) 
Examine the appearance of the water left in the retort 
and that of the bottom and aides of the vessel which 
have been in contact with the boiling water. The 
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remaining liquid will in general be somewhat turbid 
and the bottom of the retort will be found to be covered 
with a thin deposit which is not readily removed by 
shaking up the water in the retort. The significance 
of these observations will be considered in Part II, 
when dealing with the question of the " hardness " of 
water. 

185. In the experiment just described, no special 
precautions were taken to ensure the complete con- 
densation of the Bteam produced by the boiling of the 
water. As we were only concerned with getting a 
sample of water for examination, the loss of part of 




Fig. 86. 
the distillate was of no special moment. Where distil- 
lation is carried on in order to prociu-e a supply of 
water in fit condition for drinking from water from a 
tainted source, or from sea-water, the condensation of 
the entire quantity of steam becomes important. 

ExPBttiMBNT 122. Dissolve about 3g. of common 
salt in 100 c.c, of water. This will represent sea-water, 
if a supply of this be not available. Pour this solution 
into the flask represented in Pig. 86. See that the 
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stopper fits the neck of the flask closely. Pass the end 
of the side tube of the flask through the hole in the cork 
fitted into the upper end of the piece of apparatus 
shown, which is called a Liebig condenser. Arrange 
the remainder of the apparatus as indicated. The flask 
is placed upon a sand-bath — a shallow tin dish on 
which is spread a thin layer of dry sand. Note that 
the rubber -tube from the tap is connected to the tower 
of the two small tubes projecting from the jacket of 
the condenser, while the tube leading from the upper end 
is placed near a sink. Fill the condenser with water 
by gently turning on the tap, and arrange the flow of 
water through the jacket so that a steady stream of 
water issues from the end of the tube placed in the 
sink. Boil the solution in the flask and, after rinsing 
the receiver with the earliest portion of the distillate, 
collect until about half the liquid has been turned 
into vapour. If the rate of flow of the condensing 
water is regulated properly, no escape of uncondensed 
steam should be observed at the lower opening of the 
condenser. 

Test the degree of purification effected by evapora- 
tion of samples of the original solution and of the 
distillate in the manner already described. Similarly 
treat a sample of the liquid left in the stiU and note 
the amoimt of solid residue as compared with that left 
by the original solution. 

186. On the large scale, water is boiled in large 
metal vessels — frequently made of copper — and the 
steam passes through a long coil of tin pipe immersed 
in a lai^ vessel through which cold water is circulated, 
A form of this apparatus is illustrated in Fig. 87. Tin 
ia chosen as the material for the construction of the 
condensing worm, since, among the metals in common 
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use, it ia least affected by the action of steam and pure 
water. 

The nature of the substances to be found dissolved 
in a sample of ordinary water will receive full treatment 
in the section of Part II dealing with the domestic uses 
of water. 

187, On evaporating the various samples of water 
as above, the residues will have been observed as 
consisting of masses of indeterminate shape, the separate 
particles of which each is made up being indistinguish- 
able from one another. By stopping the heating before 
dryness is reached it is possible to obtain larger 



Fig. 87. 
particles in many cases, the shapes of these being 
definite, and the substance previously held in solution 
may frequently be recognised by examination of the 
form of the separate particles deposited on partial 
evaporation. 

Those substances which are soluble in water are 
not all dissolved to the same extent by equal quantities 
of water. Fiuliher, the degree of solubility of any given 
substance is found to depend upon the temperature of 
the solvent — in some cases to a very considerable extent. 
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Some experiments will next be described in illustration 
of the three points just mentioned. 

Experiment 123: Into a small beaker, half filled 
with distilled water, drop a little powdered alum. 
Stir the water and alum well with a glass rod. Should 
all the alum be caused to dissolve by this method, add 
a little more, and keep the mixture well stirred for 
several minutes after no more of the alum seems to 
disappear. Drop six drops of the solution thus obtained 
on a watch-glass and evaporate to dryness. Put the 
beaker on a piece of wire gauze on a tripod stand and 
heat it with a good Bunsen Rame. Drop in stnaU 
quantities of alum from time to time until no more 
will dissolve, even though the liquid be boiled vigorously 
for a full minute. Evaporate six drops of this solution 
aa before. From the comparison of the amounts of 
residue obtained in the two cases, and by noting 
roughly the amounts of alum dropped into the cold and 
the hot water respectively. It will be seen that alum 
is very much more soluble in hot water than in cold. 
Allow the hot solution to cool. As it cools, small 
, particles of alum begin to appear in the liquid, chiefly 
at the bottom of the beaker. By the time the solution 
has reached the temperature of the surrounding air, 
most of that previously dissolved will have thus 
separated out. Examination of the alum at the bottom 
of the vessel may show that the particles are of regular 
shape, but usually they are too small to show this, 
when examined by the naked eye. To obtain larger 
particles the solution should be cooled very slowly 
or a single small particle should be immersed at the end 
of a thread attached to a glass rod, the latter resting 
on the mouth of a beaker containing the remainder 
of the solution poured off from the solid which has been 
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deposited. Allow evaporation to take place slowly at 
the room temperature for a considerable time and the 
small piece of alum will be observed to gradually in- 
crease in size. After some days its shape should be 
easily recc^isable, and is usually somewhat like that 
shown on the left hand in Fig. 88. Such regularly- 
shaped lumps are termed "crystals" and the process 
by which they are produced ia termed " crystallisation". 
188. When a liquid has dissolved as much of a 
given solid as possible at a given temperature, the 
solution is called a " saturated " solution. By raising 
the temperature of the liquid it may in general be 
caused to dissolve more solid, and unless more is thus 



, Pig. 88. 

dissolved, the solution becomes unsaturated as the 
result of the rise in temperature. On the other hand, 
cooling the liquid causes it to become supersaturated 
and the quantity of solid in excess of that necessary 
to produce a saturated solution at the new temperature 
separates out. It occasionally happens that the b^in- 
ning of crystallisation is delayed in the case of clear 
solutions in clean vessels, and it is thiis feasible to 
prepare a solution containing a greater quantity of 
dissolved substance than would normally be the case. 
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Experiment 124. Thoroughly clean a flask of 
about 500 c.c. capacity by rinsing it with tap-water 
several times, and following this by two or three 
rinsings with distilled water. Measure out 200 c.c. of 
distilled water into the clean fiask. Weigh out 100 g. 
of crystallised sodium sulphate — Glauber's salt — and 
place the crystals in the flask. Stand the flask in a 
water-bath, heating the latter gently so that the 
temperature of the water remains practically constant 
at 33° C. Shake the flask and its contents frequently. 
When all the crystals have dissolved examine the 
liquid produced. This should be perfectly clear. Any 
crystals undissolved or any particles of other substances 
floating in the liquid may be removed by filtering (see 
Experiment 126), the liquid filtrate being received in 
another thoroughly cleaned flask standing in the water 
in the water-bath. When a clear solution has been 
obtained remove the flask from the water-bath, closing 
the mouth lightly with a wad of cotton-wool. Let the 
flask cool slowly down to the ternperature of the 
laboratory. It now contains a much larger quantity 
of dissolved sulphate than is required to form a saturated 
solution at ordinary temperatures, but, if the experiment 
has been carried out with sufficient care, no separation 
of crystals will occur. Wash the bulb of a thermometer 
with tap and distilled water and insert it in the sodium 
sulphate solution. Note the temperature recorded by 
the instrument. Should its introduction not have been 
followed by the immediate formation of crystals, as is 
sometimes the ease, drop a very small piece of sodium 
sulphate into the solution. This will start the crystaUisa- 
tion, and the whole mass of liquid will apparently 
become solid in a few seconds. Read the thermometer 
as soon as this has happened. 

H. D. 9. ,18 
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Exercise for StudetU. 
How do you explain the change of temperature aotod aa a result 
of the rapid crj^atalliBation of the sodium sulphate T Test your 
ezplanatiim by finding whether any change of temperature ocours 
when 100 g, of the sulphate are dissolved in 200 c.c. of water. 

189. Experiment 126. Grind up some potassium 
chlorate with a clean pestle and mortar. Half fill a 
beaker with distilled water and place it in a water-bath 
partly filled with water. Drop some of the chlorate 
into the water and, by shaking and stirring, try to 
dissolve it. Should all this first portion dissolve, add 
more and shake and stir again, repeating the addition 
till part of the solid refuses to dissolve, in spite of 
agitation for several minutes. Allow the undissolved 
portion to settle. Weigh a clean porcelain dish and 
pipette 20 c.c. of the clear solution into this dish. 

Weigh the dish and solution. Evaporate the Uquid 
to dryness over a water-bath. When dry, cool and 
weigh the dish and contained residue. The difference 
between the weight of the dish and residue and that 
of the dish alone is the weight of solid dissolved in the 
weight of solution given by the subtraction of the weight 
of the empty dish from that of the 
dish and solution. By gently heating 
the water-bath, a second determina- 
tion of the weight of dissolved sub- 
stance in a known weight of solution 
maybe made at a higher temperature, 
say 30° C. Other determinations at 
different temperatures may be per- 
formed, care being taken to agitate 
the solid thoroughly all the time it is being dissolved. 
By allowing one of the solutions made at a higher 
■ temperature to evaporate slowly, beautiful cry8ta.lB 
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of similar shapes to those illustrated in Fig. 89 may be 
obtained. 

190. Matter in suspension in water, i.e. not d^- 
solved, but merely floating about, may be removed by 
filtration, a much simpler process than that of distilla- 
tion. Porous materials, such as blotting-paper, filter- 
paper, unglazed porcelain, and layers of sand, are among 
the filtering materials in common use. To show the 
applicability of the process to a simple case, try 




Fig. 90. 
EXPERIMBNT 126. Weigh out 10 g. of whiting and 
10 g. of common salt. Thoroughly miv these by grind- 
ing them ti^ether in a mortar. Test the eflSeiency of 
your mixing as follows : Weigh out 5 g. of the mixture 
and put this weight into a beaker with about 100 c.c. 
of distilled water. Heat this till the water reaches 
boiling-point. While the heating is protJeeding fold 
a circular sheet of filter-paper exactly in half, fold the 
doubled paper again into half, and then open out the 
quarter-circle of paper into the shape of a cone by 
inserting the finger so that three thicknesses of the 
paper are on one side of the finger and one thickness 
on the other. The st^es of folding are illustrated in 
IS— 2 
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Fig. 90. The filter-paper thus prepared will exactly 
fit a funnel, if the sloping sides of the latter make an 
angle of 60° with each other at all points. Common 
fimnels are not usually so well made as this, hence, 
to make the conical filter fit the funnel, it is frequently 
necessary to make the second fold in such a way that 
the semi-circle is not exactly bisected. The paper is 
then opened out so that a cone with broader apex or 
otherwise, as required, may be obtained, according to 
the bluntness or sharpness of the angle of the funnel. 
Wet the filter with a few drops of d^tilled water and 
press it firmly against the interior of the funnel. Pour 
the warm liquid from the beaker through the funnel, 
supporting the latter on the ring of a retort stand, and 
allowing the liquid which passes through- — the filtrate — 
to run into a clean beaker placed underneath the funnel. 
The filtrate should be quite clear. When almost all 
the water has been poured through the filter add about 
20 c.c. of distilled water to the residue left in the beaker, 
heat it to boiling and again filter. Bepeat the addition 
of water and filtering at least twice. Test whether any 
soluble matter is left in the filtrate passing through by 
evaporating a drop to dryness on a watch-glass and 
observing whether any residue remains. When the 
production of no appreciable quantity of residue ae a 
result of evaporation occurs, complete the draining, 
allowii^ the liquid adhering to the filter-paper to 
drain into the beaker, and then transfer the contents of 
the latter to a weighed porcelain dish. This transfer- 
ence may be done in two or more operations, if the 
quantity of filtrate is more than enough to fill the dish. 
Wash out the beaker with small quantities of distilled 
water and add the washings to the solution in the 
porcelain dish. Evaporate the contents of the dish 
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to dryness and, when cool, weigh the dish a^ain. The 
gain in weight should be 2-5 g., if the mixing was 
thoroughly done. 

A check on this result may be performed if the 
filter-paper before use be weighed after drying for a 
quarter of an hour in a steam-oren. In this cfise, all 
the undissolved portion must be washed out from the 
beaker in which the dissolving took place into the filter, 
washed several times by pouring small quantities of 
distilled water through the paper, and the filter and its 
contents weighed after drying in a steam-oven for a 
quarter of an hour. To make sure that all water has 
been removed, the paper should be put back into the 
oven for five minutes and again weighed. Loss in 
weight means that more water has been evaporated, 
and further drying should be resorted to until the results 
of two consecutive weighings agree. The weight of 
dry filter and residue, less that of the filter, is that of the 
quantity of undissolved matter. 

191, Should the substance held in suspension con- 
sist of large or heavy particles, an almost complete 
separation of the liquid and the suspended substance 
may often be made by " decantation ". The vessel con- 
taining the liquid is allowed to stand in a quiet place 
for some time so that the suspended matter settles at 
the bottom of the vessel. The hquid is then poured, 
care being taken to agitate it as bttle as possible, into 
another vessel A glass rod held against the edge of 
the pouring vessel at the point where the liquid is 
escaping serves as a guide for the direction of the 
liquid into the lower verael and prevents it from running 
btick down the side of the pouring vessel. 

192. To discover whether a given substance is or 
is not soluble in water is a simple matter. 
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ExPKEiMBHT 127. Suppose that we wish to find ■ 
out if marble is at all soluble in water. Put about 1 g. 
. of marble in a beaker containing at least 100 c.c. of 
distilled water. Heat the water to boiling-point and 
continue the heating for about five minutes after the 
water starts boiling. Filter, if suspended particles 
render this operation necessary, and put six drops of 
the filtrate, or, if filtration be not resorted to, of the 
clear liquid above the marble, into a watch-glass and 
evaporate to dryness. Similarly treat six drops of 
the distilled water used in making the solution and 
compare the quantities of residue left in the two cases. 
Should no difference in amount be perceptible, the 
marble is insoluble, and vice versa. 

Test the solubility of each of the following sub- 
stances, and group them according as your results 
indicate them to be readily soluble, slightly soluble, 
or insoluble : 

Plaster of Paris, red lead, copper oxide, slaked lime, 
bronze (a penny wUl do for this, if cleaned before use), 
powdered glass, calcium chloride, mustard, and cocoa. 

193. Liquids resemble gases and solids in exhibit- 
ing varying degrees of solubility in water. Some, such 
as alcohol, dissolve in all proportions and are said to 
be perfectly miscible with water ; others, of which 
ether is aii example, will dissolve to a limited extent, 
and are termed partially miscible ; while many liquids, 
especially those of a fatty nature, such as paraffin and 
olive oils, are almost insoluble in water and are said to 
be immiscible with that liquid. 

ExpERTMENT 128. luto each of three 200 c.c. 
graduated cylinders, provided with close-fitting stoppers, 
pour 100 c.c. of water. To the water in the first add 
20 c.c. of alcohol (spirits of wine), to that in the second 
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20 c.c. of ether, and into the third pour 20 c.c. of olive 
oil. Securely stopper each vessel and shake them well. 
Allow each, after shaking, to remain undisturbed for 
some time. Note whether any separation of the liquid 
mixture into two layers occurs. Read off the number 
of c.c. in the upper layer, should thia happen. Sub- 
tracting the values thus obtained from 20 c.c. — the 
volume originally used — will provide a rough idea of 
the amount of liquid dissolved by 100 c.c. of water in 
each ease. 

QUESTIONS 

1. Make a list of all the properties of water dealt with in Chapters 
r to XVI. 

2. What methoda would you employ to obtain. (a) a sample of 
clear water ; (6) a sample of pure water, from eome muddy river- 
water T How wonld you make certain that the latter sample was 
really pure wat«r T 

3. One kilogram of water from the Iriah Sea was shown by 
analysis to contain 26'43 g. of common salt The specific gravity 
of the water at 16° was I'02484. What weight of salt would be 
contained in the residue left on evaporating 100 litres of the water T 

4. 20 g. of a substance were shaken for 30 minutes with 100 g. 
of distilled water. The resnlting hquid was filtered and 20 g. of the 
filtrate on evaporation to dryness left a residue weighing 2-74 g- 
Find the percentage solubility of the substanoe, i.e. the weight of 
it which will dissolve in 100 g. of water. 

6. Suggest possible reasons for the direction in the text that 
the first portion of each distillate should not be preserved, 

6. Devise a method of finding out whether sodium thioaolphate 
(" hypo ") will form a supersaturated solntion. 

7. Describe in full the method you would adopt in order to 
obtain large crystals of washing-soda. 
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CHAPTER XVII 

THE CHEMICAL RELATIONS OF WATER 

194, In Chapter icttt oxygen was shown to be present 
in air to the extent of some 20 % of that substance. 
This element la also contained in water, eight-ninths 
of the latter by weight consisting of oxygen. The 
remainder of the water consists of hydrc^en, an element 
known in the free state as a colourless gas. 

Experiment 129, Drop a very small piece of 
sodium (see Experiment 117) on the surface of a large 
quantity of water contained in an earthenware trough. 
The sodium floats, moving about on the top of the 
water as a small molten ball, and making a hissing 
noiae as it does so. The ball slowly gets smaller, and 
finally the sodium entirely disappears. We have 
already discovered that sodium combines with oxygen 
with great vigour. During its wanderings on the 
water surface it has been combining with the oxygen 
of the water and part of the hydrogen, the remainder 
of the latter escaping into the air. Sodium hydroxide is 
formed as a result of the combination, and its presence 
in solution may be shown by dipping a red litmus paper 
into the water after all action has ceased. 

The evolution of the hydrogen may be rendered 
more readily apparent if the free movement of the 
sodium be prevented by dropping it on a sheet of 
filter-paper floating on the water. The heat produced 
by the chemical action is thus concentrated in one 
place, and the temperature produced is sufficient to 
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ignite the hydrogen, which burns above the sodium 
with a vivid yellow flame. (The colour is due to a 
small quantity of sodium vapour being burnt together 
with the hydrogen, and is not that of the flame of 
burning hydrogen, aa will be aeen in later experiments.) 
When the burning has finished, a small glassy ball of 
molten sodium hydroxide may be seen floating on the 
water. This is not in actual contact with the water at 
first, but, as it cools, a point is reached at which con- 
tact occurs, when the hot substance reacts with the 
water with some violence. . Splashes of hot solution of 
the hydroxide may be thrown to a short distance, hence 
the observer should not stand too close to the trough 
during this stage of the experiment. The student will 
now realise the need for the precautions taken in 
Experiment 117 with r^ard to avoiding the contact 
of the sodium there used with wet bodies. 

Equation : 

Sodium -fhydrogea hydrDKida = b;dtogea + sodiDiii hydroxide 
(water) (caustic soda) 

196. A few other metals, e.(/. potassium and calcium, 
also possess the power of turning out part of the hydro- 
gen from cold water. Others, such as magnesium and 
iron, wiU deprive steam of its oxygen, while, a third 
group, of which copper and silver are examples, do not 
act upon either water or steam. 

Experiment 130. Fig. 91 represents a long tube, 
which may be of iron or porcelain, the interior of which 
is loosely filled with clean iron filings, or with the 
common small iron tacks, or with small clean screws. 
The large flask contains water and is supported upon a 
sand-bath over a Fletcher burner. The long tube rests 
in an iron trough placed above a furnace consisting of 
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a number of powerfvil Bunsen burners. {In the diagram 
the tube is ahown above the iron trough, but should Ue 
in contact with it while in use.) A bent glass tube 
connects the flask with the long tube, and a glass 
delivery tube leads into the water in an earthenware 
trough. Having fitted up the apparatus as flgured and 
described, light the burners under the flask and tube, 
the flask being temporarily disconnected from the tube. 
When the bed of the furnace is at a dull red heat, and 
the water has reached boiling-point, attach the flask 
once more and allow the steam to pass through the tube. 
After allowing an interval of about two minutes for the 




Pig. 91. 



escape of most of the air from the apparatus, place an 
inverted gas-jar full of water over the hole in the bee- 
hive cell. Bubbles of gaa rise to the top of the jar, 
which is rapidly filled. Collect another jar in the same 
way. To show that hydrogen is contained in the jars, 
put a lighted taper to the mouth of one, held in an 
inverted position, and the gaa will bum at the mouth 
of the jar. Place the other jar on the bench, remove 
the glass plate, and leave the jar with its mouth open 
and directed upwards, for 30 seconds. A lighted taper 
then plunged into the jar will not cause any sign of 
ignition of bydn^en to be noted. As we shall show 
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later, the gas is much less dense than air and has 
entirely escaped from the jar. 

If the iron used was quite clean and bright at the 
beginning of l^e experiment, it may be examined after 
the tube has cooled, when it will be observed that it is 
now covered with a film of a blackish substance. This 
is an oxide of iron called " triferric tetroxide", or 
ma^etic oxide of iron. 
Iron + hydrogen oxide = triferric tetroxide + hydrogen. 

196, Hydrogen is less chemically active than oxygen 
and no simple and convenient method is available 
whereby the hydrogen of water may be readily re- 
moved, leaving the oxygen in the free state. To obtain 
a supply of oxygen from water, recourse may be had to 
a method whereby electrical energy la transformed into 
chemical energy with the final result that water is 
separated into its two elements. 

Experiment 131. The apparatus shown in the 
figure is known as Hofraann's voltameter. The two 
side tubes are filled with water, to which a little sul- 
phuric acid has been added, by pouring this fiquid into 
the bulbed reservoir, the taps at the top of each side 
tube being left open while this is done. When enough 
liquid has been poured in to fill the tubes exactly, the 
taps are closed. The wires from a battery of two or 
more Daniell or Bunsen ceUe, or, if it be available, 
from the electric light supply, are then connected to 
the loops of platinum wire near the bottom of each side 
tube. (If a supply from the electric mains is used, 
a lamp resistance should be inserted between the loops 
and the wall plug, as indicated in the figure.) As soon 
as the attachment is made, bubbles of gas are to be 
seen ascendmg from eaeh of the two platinum plates 
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contained within the side tubes. At the same time 
the liquid rises in the centre tube. Allow the action 
to go on until one of the tubea is filled with gas. Dis- 
connect the supply of electricity. It will be noted that 
almost exactly half the other tube is filled with gas. 
The nature of the gas produced in larger quantity may 
be ascertained by partly opening the tap at the top 
of the tube and applying a hghted taper to the jet. 



Pig.fl2. 
An almost colourless flame — that of burning hydrogen — 
is seen. Turn off the tap as soon as the fiquid reaches 
the top of the tube. Next partially open the tap of 
the other tube and hold a glowing splint over the end of 
. the jet. The issuing gaa will at once reignite the splint. 
This we know to be a characteristic property of oxygen. 
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The deoompoaition of the water effected in the 
above experiment was first discovered by Nicholson 
and Ccirlisle in 1801, and their experiment was the 
forerunner of many other interesting investigations 
regarding the change of electrical into ohemieal energy. 
The operation is known as " electrolysis " and the 
liquid is called an "electrolyte ", The two plates which 
form the gates, as it were, by which the electric current 
enters the solution, are termed " electrodes " (Gr. odos, 
a way). 

Incidentally this experiment has shown that two 
volumes of hydrogen are contained in water for each 
volume of oxygen. This volume-ratio will be confirmed 
by the results of later work. 

197. In order to obtciin a supply of hydrogen for 
examination of its properties, a different method is 
generally employed. 

Experiment 132. Fit up a fiask as shown in Fig. 93. 
The thistle funnel should be long 
enough to dip to the bottom of the 
flask, and the end of the delivery 
tube should be inserted under 
beehive cell standing in water in a 
trough. The bottom of the flask is 
covered with a layer of zinc — prefer- 
ably in the granulated form — and 
hydrochloric aoid, made by diluting 
the strong commercial product with a 
water, is poured down the funnel, A brisk bubbling of 
the liquid at once occurs, and gas-bubbles make their 
appearance at the end of the delivery tube. After waiting 
a short interval to allow the air in the apparatus to be 
displaced, collect a test-tube full of the gas issuing from 
the hole in the top of the beehive cell. When full, close 
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the mouth of the tube with the thumb aud bring it, 
mouth downwards, near a flame. Remove the thumb 
and place the open end of the tube close to the flame. 
Should a squeaky explosion be heard, coUect another 
sample and again test in the same manner. When the 
gas bums quietly, a nmnber of gas-jars may be filled 
for use in the performance of the . following tests. 

The acid is a solution of a compound of hydrogen 
with another element, chlorine, and the zinc is able 
to displace the hydrogen from combination, forming 
a compound with the chlorine called zinc chloride. 
The action may be represented thus : 
Zinc + hydrogen chloride =-- zinc chloride + hydrogen. 

The zinc chloride remains in solution in the liquid 
at the bottom of the flask, and the hydrogen, being 
only slightly soluble in water, is obtained in the free 
state. 

Exercise for Student, 



Show that the gas in the jars corresponds in 
properti^ to that collected in Experiment 130 by 
repeating the tests there suggested. The extreme 
lightness of the gas may be emphasised by fiUing 
a balloon with it. 

Experiment 133, The flask in Fig. 94 contains 
zinc and the acid may be poured as before down the 
thistle fmmel. 7 is a drying-tube containing email 
lumps of calcium chloride to prevent the moisture 
which always escapes with the gas from entering the 
light collodion balloon B. This baUoon should not 
be attached untU all the air has been displaced from the 
flask by hydrogen by allowing the action of the acid 
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upon the metal to go on for about two minutes. 

Before attachment, it should be deflated as far as 

poasible by gentle pressure between 

the hands. .If the gas does not 

exert sufficient pressure to inflate 

the balloon properly, cover the mouth 

of the funnel with the ball of the 

thumb. The increased pressure thus 

produced will be generally found to 

efiEect the fillin g without further 

trouble. When full, rele^ the 

balloon, which will quickly rise to. 

the ceiHng, After some time, the 

hydn^en will slowly escape and it 

will descend and may be preserved 

for future use. 

198, Other metals may replace 
the zinc in the preparation of hy- 
drogen, and other acids may be used 
instead of the hydrochloric acid. 
{Nitric acid is unsuitable, however.) 
This may be tested by putting 
small quantities of iron, magnesium, and tin at the 
bottom of separate test-tubes, and pouring various 
acids, such as sulphuric, hydrochloric, and acetic, 
upon samples of each of them. In most cases, vigorous 
effervescence of the hquid indicates the escape of the 
hydrogen, but where this does not occur, gently warming 
the tube, or substituting a weaker or stronger sample 
of acid, will cause the hydrogen to be set free. 

Magnesium + hydrogen chloride 

= magnesium chloride -t- hydrogen. 

Iron + hydrogen sulphate 

= iron sulphate + hydrogen. 




Fig. W. 
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Exercise jar SlutUnl. 
Make up the equations for the reactions which occur in the oases 
of each of the other acids and metals used. Acetic acid ia known 



199. Our next investigation will be concerned with 
the nature of the product formed by the burning of 
hydrogen. We already know that, in burning, the 
oxygen of the air combines with the substance burnt 
to form a new compound, called an oxide. This 



Fig. 05. 

is also what happens when hydrogen bums, and the 
product— hydrogen oxide — is the familiar substance, 
water. 

Experiment 134. Arrange an apparatus for the 
preparation of hydrogen, drying the gas by means 
of a calcium chloride tube. To the end of the delivery- 
tube a platinum jet ia attached. This is necessary, 
since the temperature of the flame of burning hydrogen 
is extremely high, and the edges of a glass jet would 
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soon be fused together. Allow the gas to pass through 
the jet for about a minute and then collect a sample 
of it by placing a small ignition tube over the jet, 
the tube being held in an upright position. The 
hydrogen nses to the top of the tube and the air is 
gradually displaced downward. This method of col- 
lecting a hght gas is called " collection by downward 
displacement of air". When the tube has been in 
position for several seconds, test the freedom of the gaa 
collected from admixture with air by removing it and 
lighting it. If it burns quietly, the gas issuing from 
the jet may be safely lit. Place the jet beneath the 
bottom of a retort through which cold water is 
continually circulated from . the tap. (See Fig. 95.) 
The water produced at the high temperature of the 
flame ia naturally in the form of steam. The cold 
surface of the retort causes part of this steam to be 
condensed as small drops of water on the exterior of 
the retort. By continued burning, enough water will 
be thus condensed to form a lai^e drop at the lowest 
point of the retort and this may be caught, when it drops, 
in a clean porcelain dish. To obtain enough water 
by this means for the performance of several tests is 
a lengthy process. The simplest plan is to collect 
about 10 drops in the dish and to apply a test which is 
appUcable to water alone. Dried copper sulphate is 
a powder of a white or faintly bluish-white colour. 
Drop a small quantity of this substance into the Uquid 
in the dish. The production of an immediate blue 
coloration is sufficient evidence that water is contained 
in the Uquid formed by the combustion of the hydrogen. 
To prove that it is -pure water requires further teats to 
be done. 

Hydrogen -t- oxygen = hydrogen oxide. 
H. D. s. 19 
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200. When preparing hydr<^en in Experiment 134, 
the gas was not collected in quantity until a small 
sample burnt without ezploeicHi. The' ooourrence of 
an explosion showed that the gas colleoted was a 
mixture of hydr<^en and air, and not pure, rnw neariy 
purei hydix^n. The explosion caused by the ignition 
of this mixture is due to the hydrogen in the test-tube 
all combining at practictilly the same instant with th» 
oxygen contained in the air mixed with it. As alieady 
mentioned, the combination of these two gases is 
attended by the liberation of a lai^ quantity of heat, 
and the enormous expansion caused by the high 
temperature produced by the heat liberated makes 
the gases within the test-tube rush out with great 
violence, and some of the enei^ generated bec<»nee 
apparent to our sense of hearing by 
being transformed into that form of 
energy which we call sound. The 
vigorous nature of the explosicm may 
be shown, with perfect safety if the 
directions are faithfully carried out, 
by performing 

EXFEBIMENT 135. Drop a tew 
pieces of granulated zinc into a soda- 
water bottle of the shape shown in 
Fig. 96. Fit the bottle with a cork 
through the centre of which a hole 
of about I' diameter has been bored. 
Remove the cork, pour in a little 
hydrochloric acid, and replace the 
coA firmly in the neck of the bottle. 
Hold the bottle with a duster 
wrapped around the hand, and 
bring the opening in the cork dose 




Pig. 96. 
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to the edge of a Bunsen flame. See that the mouth 
of the bottle is pointing towards a wall, and not in the 
direction of any person in the neighbourhood. Wheu 
the mixture of gases witiiin the bottle reaches the 
composition required for explosion, this will occur, 
with the result that the cork will be ejected to a 
considerable distance, and the flame of the Bunsen 
burner will be extinguished. 

A mixture of hydrogen and oxygen affords a sharper 
and more forcible explosion than the above. In thk 
case it is best to use one of the thick-walled glass 
tubes sold for the purpose, and to dispense with the 
cork. 

201. A simple chemical test was given for the 
detection of the presence of water in the hquid formed 
by the combination of hydrogen and oxygen. To 
prove that a sample thus produced consists entirely 
of pure water, the following points should be ob- 
served : 

The Uquid must be colourless, tasteless, and odour- 
less. It must leave no residue on evaporation to 
dr3'nese. It must be of unit specific gravity. Its 
ireezing-p<Hnt must be 0° C. and its boiling-point, 
under a pressure of 760 mm., must be 100° C, It must 
not affect the colour of either red or blue Utmus paper. 
It must turn white copper sulphate blue. 

202. A distinctive test, in addition to those above 
enumerated, is to be found in the pecuhar bebavioiir 
of water when heated from the freezing-point up- 
ward. 

ExFBBiMBNT 136. Obtain a piece of lead piping — 

" oompo " piping, as it is called by plumbers, will do 

excellently — about 2 ft. long. Seal one end of the 

piping by hammeiing the edges together. Coil the 

19—2 
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pipe into the form of a flat spiral, with the open end 
projecting at right angles as indicated 
in the figure. Fit a length of glass 
tubing of BOmewhat smaller bore than 
the metal piping to the open end by 
meai^ of a small cork or a short piece 
of stout rubber tubing. Cool this piece 
of apparatus by immersion in a vessel 
containing melting ice. After it has 
been in the ice for about five minutes, 
remove the glass tube and fill the metal 
tubing with ice-cold water. Replace the 
glass tube, and by pushing it into the ^ 
metal tube, cause the water to rise ~_ ^ 
some three or four inches in the glass ^' ' 

tube. Leave the leaden tube immersed in the ice 
for another five minutes, and, at the end of that interval, 
mark the level of the liquid in the glass tube. Assist 
the melting of the ice by surrounding the vessel con- 
taining it with a- water-bath. The water in the bath 
should be gently heated and its temperature should 
not exceed 30° C. Place a thermometer in the vessel 
containing the melting ice, and stir from time to time. 
Should the water in the glass tube fall below the marked 
position, note the lowest point reached and mark this 
as before. When all the ice has melted, the tempera- 
ture of the water formed wiU gradually rise. At this 
stage remove the source of heat. As the temperature 
of the ice-water slowly rises, the water in the glass 
tube will be seen to sink. This indicates that this water, 
while its temperature is being raised, is contracting, 
thus behaving in the reverse manner to that previously 
observed as common to other Bubstances. The decrease 
in volume will continue until a temperature of about 
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4° C, is reached, after which the slow rise of the water- 
level in the glasB tube will indicate that the water 
above this temperature is behaving in the normal 
fashion. From this point, the expansion is continuous 
until the water begins to boil. 

This temperature, 4° C, is known as the temperature 
of the " maximum density of water ". The anomalous 
behaviour of water at 0°, when heated, is, of course, 
paralleled by the reverse effect being produced when 
water at 4° is cooled. This pecuUarity is of great 
importance as a natural agency in the preservation 
of animsJ life in shallow waters in winter, and in 
maintaining a temperate climate over portions of the 
globe whioh would otherwise be regions with a very 
low mean annual temperature. When water in a lake 
is cooled by contact with the cold air above it, the 
surface water, contracting, becomes denser, and con- 
vection currents are set up whereby the warmer water 
is constantly moving towards the surface and the 
cooled water is descending. When the temperature 
of the water at the surface has fallen to 4°, further 
cooling causes expansion and it no longer sinks, since 
its density is now lessening. Continued exposure to 
cold causes the surface water to lose heat until its 
temperature has reached freezing-point. Ice crystals 
then begin to form slowly at the top of the water, 
and float on account of their density being less than 
that of water. A continuous sheet of ice forms as 
a resuJt of the agglomeration of the crystctls. This 
forms a protective coating for the water beneath, ice 
being a bad conductor of heat. Thus the thicken- 
ing of the ice-sheet proceeds slowly, and the water, 
except that in immediate contact with the ice, is at 
the uniform temperature of 4° C. This is warm enough 
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to pennit fish to remain alive, and, uoleas the cold 
weather be excessively prolonged in duration, the wateo* 
in lakes and ponds, except where they are extremely 
shallow, does not all become solid. 

Exerdee for Student 
Item what has been already stated, inveHtagate what would 
happen in very cold weathei, if water did not poaseea a point of 
maximnm density. 

Thus, il a liq^uid be pore water, it must, in addition 
to complying with the requirements of the tests given 
in the list above, exhibit the property of abnormal 
expansion between the temperatures 0'^ and i°. 

203. The question of the exact composition of 
water has been the subject of many careful inVestiga. 
tions. To determine the relation by weight between 
the quantities of hydrogen Mid oxygen present in a given 
amount of water, we may synthesiae that compoond 
as described in the next experiment. 

ExPBElMENT 137. A steady gentle stream of 
hydrt^en is required in this experiment. This may 
best be obtained by the electrolysis of water as pre- 
viously described. An alternative method, in which 
the hydrogen produced is of a lesser degree of parity, 
is afforded by the use of a " Kipp's generator ". This 
is illustrated in Fig. 98. The middle bulb of the 
apparatus shotdd be filled about one-third fuU with 
scraps of the purest zinc foil obtainable. Open the 
tap at the side of this bulb and pour down the opening 
of the topmost bulb a mixture of pure hydrochloric 
acid and water in equal proportiiona. When the 
lowest bulb is full of the liquid, close the tap and then 
pour in more acid until the top bulb is about one-third 
full. The apparatus is now ready for use. Oprai (he 
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- tap. The pressure of the liqiiid in the centre tube 
and in the top bulb forces the air out of the middle bulb 
through the tap. The ooid from the bottom bulb risea 
through the neck between that and (he middle bulb 
ajid thus oomes in contact with the zinc. Hydrogen 
is immediately evolved and issues from the tube 
connected with the tap. Allow the action to continue 




Fig. 98. 

for a short time in order to expel as much aii 
from the middle bulb. Close the tap. Hydrt^n is 
still generated by the action of the acid remaining in 
contact with the zinc, but can no longer escape. Hence 
the pressure of the gas in the middle bulb increases 
and, as a result, the acid is forced out of the middle 
bulb and returns to that at the top, the action ceasing 
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when no more aoid is left on the zinc. A further 
supply of. the gas may be at once obtained by simply 
opening the tap. 

To determine the composition of water by weight, 
the deUvery tube of the hydrt^n generator is connected 
to the tube marked with an arrow in Fig. 99. The first 
drying-tube conta,ins a small quantity of the strongest 
sulphuric acid, while the second is nearly fiUed with 
grantdated calcium' chlonde. The bulbed tube and 
it» content of copper oxide is weighed carefully before 
the commencement of the experiment. Both tube 
and copper oxide should be dried in a hot air oven 




Fig.m 

for 16 minutes at a temperature of about 110° C. 
before being weighed. The smaller bulb and the 
attached calcium chloride tube are for the collection 
and absorption of the water formed, and should be 
weighed before starting. When the apparatus has 
been set up, it should be tested to see whether it is 
gas-tight. Attach a glass tube to the end of the last 
absorbent tube, and let the end of this tube dip beneath 
the surface of water in a beaker to a depth of three 
inches. Allow a Uttle hydrogen to pass through the 
apparatus. This should cause immediate bubbling 
in the water and, when the stream of hydrogen is 
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discontinned, the water should not rise in the glass tube. 
Having secured a Batisfactory result, remove the glass 
tube. Pass hydrogen through the apparatus slowly 
so that the bubbles rise in the sulphuric acid at 
the rate of about two per second. Collect a sample 
of the gas issuing from the calcium chloride tube and 
test its character by lighting it. As soon as the sample 
bums quietly, light the Bunsen burner underneath the 
hard glass bulb. The oxide should be raised to a diiU 
red heat. Continue the passage of the gas imtil the 
oxide has assumed a brownish-red tint and an appreci- 
able quantity .of water has collected in the sm^er 
bulb. Turn out the burner, and let the apparatus 
cool. In exact work, a stream of dry air is passed 
through the apparatus by disconnecting the hydrogen 
generator, and replacing it by a gas-holder containing 
air, the air being sent through for two or three minutes 
at about the same rate as in the case of the hydrogen. 

Exercise for Student. 



When quite cool, the portions previously weighed 
are again weighed separately. The gain in weight of 
the absorbent portion is that of the water formed as 
the result of the action of the hydrogen on the hot 
oxide. The loss of weight of the combustion tube 
and oxide is the weight of oxygen which combined 
with the hydrogen to form this water. The weight 
of the hydrogen may be obtained by finding the differ- 
ence between the weight of water formed and the weight 
of oxygen contained in it. 

The value of the ratio — —-, — jr-r — .- ■ ■ should be 
weight of hydrogen 
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calculated and should approximately be 8. As the 
mean result of the best determinations, the value 
7*94 is now generally accepted. The student must 
not expect to obtain a very dose approximation to 
this value at the first attempt, but a fair degree of 
accuracy may be attained by careful attention to the 
directions auppUed. 

Hydrogen + copper oxide = copper + hydrogen oxide. 
Exercise far StvdenL 
Having given that the epecifio gravity of hydrogen ia 0*00008680, 
and that of oxygen 0'0OUO64, find what volume of hydrogen will 
oombine with 1 o.o. of oxygen. 

204. It is interesting to note that the oxide of iron 
prodnoed in Experiment 130 may be once more reduced 
to the metallic state if a hydrogen generator be substi- 
tuted for the flask and the jar be replaced by a flaafc 
floating on cold water, the end of the deUvery tube 
being inserted into the mouth of the flask. Pass a 
steady stream of hydrc^n from the generator through 
the tube containing the iron oxide for three minutes. 
Next heat the tube to dull redness, allowing the gaa 
to pass continuously. In a short time small drops of 
water will fall into the flask, and, by sufBciently 
prolonging the experiment, the whole of the oxygen 
may be removed from the oxide in this way. 
Hydrogen + tiif errie tetroxide = iron + hydix^n oxide. 

On examining this equation, it will be seen that it 
is the reverse of that given at the end of Experiment 130. 
Many other cases are known of similar reactions, 
which may take place in opposite ways according to 
the conditions of the experiment. In that just de- 
scribed the steam produced is carried away by that part 
of the stream of hydrogen which is unaffected and thus 
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prevented from again oxidisiDg the iron. In Experi- 
ment 130, the stefun waa in excesa, ancF the hydrogen- 
formed was removed from the tube by the pressure 
of that portion of the steam which escaped without 
reactiug on the iron. Such reactions as this are termed 
" reversible " reactions, and the eq[uations repreewiting 
than are written thus : 
Iron + hydrogen oxide 

^ithydrogeu + triferrio tetroxide. 
The two arrows with their points oppositely directed 
denote that the reaction will take place in the forward 
or backward direction according to the conditions under 
which the action is carried out. 

Exerttise for Student. 
Try to find other caaes of reversible reootiona id the vork already 
performed. Write the equations lepreaeDtiiig any that may be dis- 
oovered so aa to show their reversible nature. 

205. The relation between the volumes of hydrogen 
and oxygen which combine with 
one another may be determined by 
means of an instrument known as 
the U-tube eudiometer. This is 
shown in the annexed figure. A 
measured volume of oxygen is 
introduced into the closed gradu- 
ated limb, the volume being read 
off after adjusting the quantity 
of mercury until it stands at the 
SEime level in both limbs. Hydrogen 
is next introduced, usually in con- 
aiderable excess of the amount 
needed to combine with the oxygen 
previously passed in. The combined volume of the two 
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gases ia then read off as before. A further quantity of 
meioury is then poured into the open limb so as to fill 
it within 6* of the top and thia limb is closed with a tight- 
fitting rubber stopper. An electric spark is then caused 
to pass between the ends of the wires fused into the upper 
end of the closed limb. This is effected by connecting 
the outer ends of the wires to the wires from a small 
induction coil, and momentarily switching on the 
cturent. The passage of the spark causes explosive 
combination to occur, and on removing the stopper 
from the open limb, a contraction in volume of the 
gases in the other limb is seen to have taken place. 
On reading off the enclosed volume after levelling the 
surfaces of the mercury in the two limbs, the decrease 
of volume is found to be three times that of the oxygen 
used. The residual gas, on being tested, may be shown 
to consist entirely of hydrogen. Two volumes of hydro- 
gen have therefore combined with one volume of 
oxygen to form steam, and, since the volume of water 
formed from this steam has an almost inappreciable 
volume as compared with that of the steam (see 
Chapter X, par, 114), the decrease in volume of the 
gases in the closed limb of the eudiometer amoimts 
to thrice the volume of the oxygen. 

If we desire to know the relation between the volumes 
of the gases and that of the steam produced by their 
combination, the closed limb must be surrounded by 
a jacket, as in Fig. 101. Through this jacket is passed, 
during the experiment, the vapour of some hquid 
which boUs at a temperature considerably higher than 
the boiling-point of water. Amyl alcohol is sometimes 
used, its boiling-point being 132° C. A condenser is 
attached to the jacket in order that the alcohol may 
be recovered for further use and that its fumes, which 
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ue injimoua when breathed, may not escape into the 
air. When the above experi- 
ment ia performed under these 
new conditions the contraction 
in volume which occurs after 
the explosion is found to equal 
the volume of the oxygen in- 
troduced, a further contraction 
of twice this anLount being 
effected by allowing the ap- 
paratus to oool. From these 
observations it would appear 
that the volume of steam 
formed by the combination of 
two volumes of hydrogen with 
one of oxygen itself occupies 
a volume equal to that of the 
hydrogen. 

206. A great many ex- 
periments have been performed 
with the object of finding the ^' 

composition of many other bodies besides water, both 
by volume and by weight, and one general reatdt of 
these may be summed up as follows : 

In every chemical compound the ratios between 
the weights of the elements contained in the compound 
are constant. 

This statement is known as the " Law of Constant 
Composition " and is entirely the outcome of experi- 
mental work. No theory of the constitution of matter 
is involved in any way in the evidence for the validity 
of the law. 

As examples of what is implied by this law we will 
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conaider the compoaition of water and of chalk. Pure 
water, from whatever souree obtained, however pre- 
pared, and by whomsoever examined, is alvxtya found 
to contain 7-94 parts by we^ht of oxygen combined 
with 1 part of hydrogen, provided the examination 
be carried out with sufficient ewe. Small variations 
from these figures may be noted, but none greater 
than can be accounted as errors of experiment. Again, 
the percentage composition of pure chalk is always found 
to be: calcium, 40%; carbon, 12%; oxygen, 48%; 
or, put in another way, 1 part by weight of carbon is 
altvof/s found in combination with 4 parts of oxygen 
and 3-33 parts of calcium in every sample of calcium 
carbonate, of which compound chalk is one of the 
naturally occurring forma. 

207, The composition of water by volume was 
ahowtt to be of a simple character, two volumes of 
oxygen combining with one volume of hydrogen to 
form two volumes of steam. Similar regularity exists 
between the volumes of other reticting gases. Thus, 
two volumes of acetylene combine with five volumes of 
oxygen to form four volumes of carbon dioxide and two 
volumes of steam. In the form of a general statement, 
this is known as Gay-Lussac's " Law of Gaseous 
Combination ", and may be put thus : 

When gases combine, the volmnea of the reacting 
gases and those of any gaseous products bear simple 
ratios to one another. 

Further reference will be made to both the above 
laws in later work. 

208, In concluding this chapter, the question of 
the differences between a mixture of substances and 
a chemical compound will be considered, with special 
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reference to air and water as examples of each class 
respectively. 

Air is a mixture because it may be made by simply 
passing volumes of nitrogen and oxygen, which bear the 
same relation to one another as do the volumes of these 
gases fotmd in air, into an empty vessel. The mixture 
behaves in every way like air. On the other hand, 
if two volumes of hydrogen and one volume of oxygen 
be mixed, no water is produced by the mixing, and the 
mixtiire behaves neither Uke water nor stewn, since 
the insertion of a flame causes an explosion. 

In the formation of air by the mixing of nitrogen 
and oxygen, no heat is evolved. The evolution of heat 
i3 a common ocourrence duiing chemical combination, 
and the great quantity of heat produced when the 
constituent elements of water an caiised to unite to 
form water offers a striking contrast to the absence 
of heat production in the case of air. 

Again, no change of volume follows the admixture 
of nitrt^n and oxygen, while, as we have seen, the 
steam formed by the combination of hydrogen and 
oxygen only occupies two-thirds of the combined 
volumes of the mixed gases. Change of volume is 
another frequent concomitant of chemicfd action. 

The physical properties of air are the me»i of those 
of the gases nitrogen and oxygen. Thus its specific 
gravity may be calculated from the ratio by voltime 
in which these two gases occur, when the specific 
gravities of the gases are known. The specific gravity 
of steam is not the mean of those of hydrogen and 
oxygen, as calculated, but is considerably greater. 
Similarly, the other physical properties of water cannot 
be foretold from a consideration of those of its con- 
stituents. 
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The nitrogen and osygen of air may be separated 
to Bome extent by such simple physical operations as 
diffusion and solution in water (see Chapter xiv, Espt. 
105), each gas exercising its own powers quite inde- 
pendently of the other. No such simple means suffice 
for the separation of the two ga^es contained in water. 
A striking exanLple of the independence of the oxygen 
and nitrogen in this respect is afforded by a manu- 
facturing process for obtaining oxygen from air. 
Liquid air, produced by exposing air to a low tempera- 
ture and allowing it to cool itself by rushing through 
a very small hole under very great pressure, is caused 
to evaporate. The boiling-point of liquid oxygen is 
182-5° C, whUe that of the liquid nitrogen is 13° lower. 
As a consequence, the latter boils away first, and, by 
careful manipulation of the conditions of the experi- 
ment, the nitrogen may be separated from the oxygen 
so completely that practically pure oxygen is left. 
Compare this result with the behaviour of water on 



The small variations noted in the composition of 
different samples of air are larger than the limits of 
experiment, hence it does not obey the Law of Constant 
Composition formulated for chemical compounds. 

No less than six distinct conLpounds of nitrogen 
and oxygen are known to chemists, and these all obey 
the same laws as other chemical compounds. This 
may be taken as indirect evidence in favour of the idea 
that air is a mixture, and not a compound, of the two 
gases which are its chief constituents. 

Other points of difference exist, but those already 
mentioned will be sufficient to demonstrate the great 
differences which exist between a mixture and a chemical 
compound. 
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QUESTIONS 

1. A jar of gas is Bi^^ied to you. By what tMtn would yon 
Mtempt to feid out whether ttte gtw wm one of Uie following : 
hydrogen, oMboa dirndde, oz^eot T 

2. A reducing agent may be briefly defined h8 a Bubstonoe 
wUeh readily oomfcinee with the oxygen of a oomponnd, leaving 
another subetutoe with a lesser pn^iortitw of oxygen. GHve reaaora 
for Mxuidering hydrogen to be a reducing agent. 

3. Describe, any experiments yov know whioh illustrate the 
MMCgetic nature of the combination of hydrogen and oxygen, 

4. Briefly dmwibe the ezperimttits neoeasaiy to dietinguish 
clearly between diatillod water, river water, and sea water. 

6. How may the composition of water by weight be deter- 
mined T What wei^it <rf water woold oootoin 67'9g. of oxygen T 

6:. Why do lakea and rivera not become frozen solid during long 
•peds <A frosty weather T 

7. A owtain liqnid leavee no reeidne on ev(q>orati<m to dryness. 
What farther evidence would yoa require to be presented before 
deciding whethra it is water T 

5. Deeoribe a method of obtaining oxygen from the air by a 
prooeea not involving ohemioal change. 

9. 16-6 CO. of oxygen are mixed with 8-75 c.c. of hydrogen 
ta tbe tnbe of the eudiometer, and a spark is passed through the 
mixtore. What volume of gas is left, and what is ite natnret 

10. What dterations of volume oocm; during the change of 
a quantity c^ ice at — 6° into steam at 105° I 

11. For what reason is it necessary to dry the hydrogen used 
in Experiment 134 T 

12. Deeoribe all that is seen when a lighted taper is thrust 
upward into a dry jar of hydrogen. 

13. What is a reversible reaction ? Describe experimentB which 
show that the oxidation of mercury is of this character. Specify 
oleaily the conditions requisite for each phase of the action to take 
place. 

H. D. s. SO 
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14. How nuty the volometrio txtrnposition of wat^ be deter- 
mined b; (a) ft syn^etio inethod ; (b) on ttnalytioal method T 

IB. The weight of 1 co. of hydrogen at 0° C. and 760 mm. bar. 
is 0-00009 g. What weight of hydrogen would be needed to fill 
a spherical balloon, 6 meti«3 in diameter, the gas being at a tempera- 
tore of 12° C. and nndei a pressure of 800 mm. bar. T 

16. Devise an experiment in whioh it ia shown by direct weighing 
that hydrograi ia maoh lighter than air. 

IT. How may it be demonstrated Uiat water, in cooling from 
4° to 0°, iooreaees in volume f 

18. In a determination of the compoaitioa of water by the 
mettiod of Experiment 137, the following observations were made: 

WW of bnib and oxide before heating . . . . 40'63 g. 

Wt. of bnlb and oopp^ after heating . . . . 35*78 g. 

Wt. of small bulb and drying-tnbe before eipt , . 65'34 g. 
Wt. of small btdb and drying-tube after expt. . . 70'61 g. 
find ^e weight of oxygen combined with 2g, of hydrogen, 

19. Why should the combustion tube and ^e copper oxide 
used in Experiment 137 be owefully dried before weighing T 

20. What volume of Bt«»m will be formed by the bvuning of 
a oubio foot of bydrc^^ T What volume of oxygen will be removed 
from the air as a result of this combustion T 



CHAPTER XVni 

CHEMICAL CLASSinCATION 

309. The division of substances into the two 
groups known as elements and compounds has been 
already dealt with. In this chapter some further 
subdivisions of these two main classes wiU receive 
consideration. 
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210. It ia usual to divide the elements into metallic 
and non-metallic sections. To the fonner belong the 
majority of the elements, all the common metc^ being 
included in this class. The distinction between a metal 
and a non-metal is not a hard and fast one. In general, 
a metal possesses the following properties, although 
every metal does not of necessity exhibit all of them. 

(1) Metals are usually of high density. 

(2) They possess a characteristic lustre, and 
their surfaces may be made to take a high polish. 

(3) They are ductile, i.e. may be readily drawn 
into wire. 

(4) They are malleable, t.e. may be hammered 
out into thin sheets without fracture. 

(5) They are good conductors of heat and of 
electricity. 

(6) They usually exist at ordinary temperatures 
In the solid state. 

(7) They form oxides which are generally m- 
Botuble in water. Those which dissolve produce 
alkaline solutions. 

Exerdae for &/vd*M. 
Clasaify the mett^ alieEtdj meotioiied in the text aocoidiiig 
as they esbibit or otherwise each of the obaraoteriBtics given aboTe, 
ae far as tout knowledge of the properties of each permitB. 

To the cletss of non-metals belong the gases, oxygen, 
nitrogen and hydrogen already studied, together with 
the following : carbon, sulphur, chlorine, bromine, 
iodine, silicon, boron, phosphorus and argon. A fevr 
other elements of less common occurrence also belong 
to the non-metalUc group. 
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Bxerdae for 8tndenL 
Ab fu as your knowledge serves, show tkat the substaneee stated 
to be non-metaJlio elements do not agree with tite metob i& tbair 

quolitiee. 

211. The classification of compotmda is not M 
simple a matter as that of elements. Some 200,000 
distinct compounda are known to ohemifits, and tbe 
methods of dassification adopted are arranged to suit 
the requirements of various special properties or groups 
of properties according to the purpose- of the claeuS- 
eation. It was formerly supposed that one great 
natural line of demarcation could he drawn betwe^i 
bodies produced by animals and plants aa the results 
of vital processes and those bodies naturally b^onging 
to the world of " dead " things, Thm compounds were 
classified as "organic" or "inorganic", and ^k 
arrangement presents some advances even at the 
present day. Organic bodies all contain caib<Ki. The 
combining powers of this elem^it are somewhat 
peculiar as compared with those of the femaiamg 
elements, a much lai^er number of compounds c<Mk- 
taining carbon being known than is the case with any 
other element. Thus organic chemistry, as it was 
termed, has now become the chemistry of (he oMbon 
compoimds. That the intervention of the energies of 
living matter is a necessary factor in the production 
of organic substances is, however, iu>w iHt)ved to be 
a fallacious idea. The discussion of the properties 
and composition of some important organic bodies will 
be found in Part II of this book. 

212. Another method of grouping compounda vraa 
based on the number of elements contained in a mole- 
cule of each compound. Compoimds containing two 
elements only were called "binary" compounds, and the 
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tenninstion of the chemical name of such a compound 
ends in "-ide". To this olaas belong the oxides, 
ehlorides, bromides, sulphides, and carbides. When 
three elements were present in a compound, it was 
termed a " ternary " compound ; the inclusion of four 
elements produced a " quaternary " compound, and 
so on. Those acids which contain oxygen and the 
metallic compounds derived from tb^e acids, are in 
general members of the ternary group of compoimds. 
Their characteristic termination is " -ate". Thus we 
have the sulphates, nitrates, phoBphates, chlorates, 
carbonates, and silicates. 

213. A very important method of arranging 
inorganic substances has been indicated in a previous 
chapter. Certain oxides were termed acidic, while 
others were said to be basic. The bodies formed by 
the addition of the elements of water to the acidic 
oxides Eu% known as acids, while those produced simi- 
larly from basic oxides are the bases. The phrase 
" addition of the elements of water " should be noted. 
Solviion in water is not necessarily intended by this, 
for we already know that some basic oxides, e.g. iron 
oxide, do not dissolve in water. This is also the case 
with a few acidic oxides. Sihoon dioxide, or silica, 
a common form of which is sand, is quite insoluble, 
yet we are able to obtain it combined with a certain 
quantity of hydrogen fmd oxygen, these elements 
entering into combination in the same ratio by weight 
a» that in which they exist in water, the combination 
being effwted by indirect means. The substance 
jwoduced is known as hydrogen silicate, or silicic acid, 
and behaves, in most respects, just like those acids 
we have already obtained by the solution of a non- 
metallio oxide in water (see Chapter zv). 
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214. Bases react with acids to form a new series 
of bodies, termed "ealte", water being always simul- 
taneously produced. Thus, if some sodium hydroxide 
be added to sulphuric acid until the reaction of the 
resulting hquid to litmus is neutral, and the liquid be 
evaporated, a white solid, the salt sodium sulphate, is 
obtained. 

Sodium hydroxide + hydrogen sulphate 

= sodium sulphate + hydrogen hydroxide. 

215. The characteristic properties of these three 
groups of compounds, viz. acids, bases, and salts, 
will next be considered. 

EsPBBiMBNT 138, Test hydrochloric, sulphuric, 
nitric, and acetic acids by performing each of the 
following simple experiments, using in all cases, except 
where otherwise mentioned, a mixture of the strong 
acid with about four volumes of water. 

(a) Drop 10 drops of the acid into a beaker half 
full of water, shake the mixture, and cautiously taste it, 

(b) Put a drop of the acid, taken from the bottle 
on the end of a glass rod, on a blue htmus paper. 

(c) Into a test-tube, one-qnarter filled with the 
acid, drop a smaU piece of granulated zinc. Note aU 
that occiu^ before the action stops entirely. Warm 
the tube if necessary. 

(d) One-quarter fill a test-tube with acid tmd 
drop in about half a gram of powdered copper oxide. 
Shake well, and hasten the completion of the reaction 
which occurs by gently heating the tube. 

(e) Similarly treat about half a gram of sodium 
carbonate. In this case heat will not need to be 
appUed, 

(/) Put a drop of the strongest form of each 
acid on a filter-paper and allow it to remain for a quarter 
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of an honr. Put a drop of the weaker acid on another 
paper and, after putting it aside for a day, examine 
both papers. The effects in each case may be obtained 
more readily, if required, by gently heating the papers 
over a small Bunsen flame. 

Compare the results obtained for the several acids, 
and.from your obaervations, prepare ageneral statement 
of the properties of acids. 

ExPKBiMBNT 139. The properties of soluble bases, 
or alkalis, may be simUarly studied. Use solutions of 
sodium hydroxide, potasaiiun hydroxide, and calcium 
hydroxide (lime-water) in the performance of ea«h of 
the following tests : 

(a) Taste very weak solutions of each alksh. 
(6) Rub a little stronger solution between the 
fingers. 

(c) Put a drop on a red litmus paper. 

(d) Invert in a trough of alkali a jar of carbon 
dioxide, obtained as in Experiment 114, or by the 
method described in Part II. 

(e) Drop strong and weak solutions on filter- 
paper as in (/) above, and note the action after some 
time has elapsed. 

Formulate a general statement of the properties of 
alkalis from the results of your observations. 

Experiment 140. Study the action of solutions of 
the following salts — sodium chloride (common salt), 
sodium carbonate (washing-soda), and copper sulphate 
(blue-stone) — when tested as suggested below. 

(a) Taste a very weak solution. 

(6) Drop a little of the solution upon red and 
upon blue htmus paper. 

(c) Put a crystal of washing-soda in the solution 
and gently warm. 
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{d) Pour a little Bodiiun hydroxide solutaon iato 
the scdutioQ of the salt. 

(e) Pour a small quantity of sulphuric acid into 
the solution. 

Tabulate your results and note that the beha^ow 
of salts is less tinif onn than that of acids or of ajkalis. 

In general, salts in stdution will give a neutcal 
reaction with Utmus, but some salts, such as the sodium 
carbonate in the last experiment, have an alkaline 
reaction, wMIe others, e.g. copp«- sulphate, produce the 
opposite effect. These exceptions are known as " aaJta 
with an alkaline reaction " and " s^ts with an acid 
reaction " respectively. They must not be confounded 
with " acid " salts and " basic " salts (see later portion 
c£ this ohaptCT). 



e for 8tud£nl. 

Tetft tiie Kactioa of as mimy salt galatiouB as 70a can, cslaasifyiiig 
them ae of neutral, aoid, or alkaline reaction, aoocxding to the 
reeultfl of jour teats. 

216. We have previously discussed the suitabUity 
of I^vmsier's name for the element oxygen, and it 
should be noted that all acids formed by the combiaa- 
tion of an acidic oxide with the elements of water 
do contain this element. They are known as the 
" oxy-acids ". Sulphmic, uitiic, and carbonic acids fall 
into this group. Such an acid as hydrochl<Mic acid 
does not contain oxygen, being fcHmed by dissolving 
a compound of the elements hydrogen and chlorine — 
hydrogen chloride — in water (see Part II). The water 
does not combine with the hydrogen ohloiide, as may 
be shown by merely boiling the solution. According 
as this be strong or weak, hydrogen chloride will be 
evolved, making the strong solution weaker, or water 
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will boil away, leaving a stnmger BolutioD. The 
element hydrogen is contained in aU atads, however, 
and it is by the replacement of the hydrogen of an aoid 
by a met^ that a salt is formed. TTiis replocem^ 
may be effected in varions ways. 

EXFBRIHENT 141. Drop smaH .pieces of magneaiura 
ribbon into a sm^ beaker, one-tbird filled with hydro- 
oblorie aoid. Add more ribbon when that first used 
is dissolved, and continue the addition till no nuae 
action takes place. Ey(^>orate the scdution obtained 
to a small bulk, and allow it to cool. If the evajwration 
has been suf&ci^it, a mass of small crystals of m^- 
nesium chloride will form on cooling. 

ExFBBiHENT 112. One-third fill a small beak^ 
with dilute nitric acid. Heat this to boiling and drt^ 
in small quantities of lead oxide until no more wiU 
dissolve. Evaporate and crystals of lead nitrate will 
be obtained. 

Experiment 143. Add crystals of washing-soda to 
some hydrochloric acid until the portion last added 
refuses to dissolve. Evaporate to a small bulk, allow 
to cryetaUise, and taete one of the crystals formed. 

ExPEBiMENT 144. Place 20 o.c. of potassium 
hydroxide stdution in a beaker EHid add a few drops 
of litmus solution. Fill a burette with diluted sulphuric 
acid and clamp the burette to a retort stand. Place 
the beaker containing tbe alkaUne solution under the 
burette so that the tap of the latter is immediatdy 
over the middle of the beaker. Run in the aoid, 
1 o.c. at a time, into the beaker, stirring the liquid in 
the beaker, after each addition, with a glass rod. 
When the last pra^on added causes the colour of the 
solution to change to red, cease running in the acid, 
and note the amount which has been added. The 



igitized by Google 



314 Domestie Science 

change of colour may be seen with greater ease if 
a small white tile be placed under the beaker during 
the operation. Throw away the contents of the beaker, 
rinse it out two or three times, and then pipette into 
it a further 20 c.c. of the alkaU. Colour this with 
litmus solution. Hun in 1 c.c. less than the total 
quantity used in the previous operation, and then 
let the acid drop in, one drop at a time, stirring after 
each drop. As soon as the colour change occurs, 
stop the addition of acid, and read from the burette 
the exact volume used. This is the volmne required 
to " neutralise " 20 c.c. of the potassium hydroxide 
solution, and the operation is termed " neutralisation ". 
If a third determination be made as directed in the 
second case, the reading obtained should agree very 
closely — within 0-05 c.c. — with that noted in the second 
operation. 

Pipette 20 c.c, of the alkali into a beaker, and add 
from the burette the amount of acid which has been 
found to neutralise it. Evaporate this solution and 
crystals of potassiimi sulphate will be obtained. 

ExFBBlMBNT 145. Put 20 c.c. of the potassium 
hydroxide used in the previous ex- 
periment into a beaker. Add twice 
the volimie required for neutralisation 
of the same acid as used before ^ 
Again evaporate and crystallise out. 
If crystals of sufficient size be ob- 
tained, compare the shape of those 
formed in Experiment 144 with that pjg. 102. 

of those now obtained. They will 
be found to bear little resemblance to one another. 
The usual shapes of each kind of crystal are illustrated 
in Fig. 102. We have thus prepared two substances of 
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different form from the B&me materials, and further 
investigation of the properties and composition of the 
two sorts of crystals would show that they are, in fact, 
two totally different substances. The crystals last 
obtained are those of a substance called potassium 
hydrogen sulphate. 

Equations : 
Magnesium + hydrogen chloride 

= m^;nesium chloride + hydrogen. 
Lead oxide + hydrt^^ nitrate 

= lead nitrate + hydrogen oxide. 
Sodium carbonate + hydrogen chloride 
= sodium chloride + hydrogen oxide + carbon dioxide. 
Potaasium hydroxide + hydrogen sulphate 
= (1) potassium sulphate + hydrogen oxide. 
= (2) potassium hydrogen sulphate + hydrogen oxide. 

217. Potassium hydrogen sulphate belongs to a 
class of substances termed " acid " salts. This term 
bears no reference to their reaction, when in solution, 
with litmus, but is intended to emphasise the presence 
of some of the hydrogen — the typical element of acids — 
in the salt, this hydrogen being derived from the acid 
used in preparing the salt, and being capable of replace- 
ment by a metal, just as was the hydrogen already 
so displaced. Other names for such an acid salt as 
potassium hydrogen sulphate are potassium a«id 
sulphate and potassium bisulphate. A familiar example 
of an acid salt is afforded by baking-soda, or sodium 
bicarbonate. 

Exemiat for Sladent. 
Write down other namee for bating-aoda. Test the reaction upon 
litmus of BolutionB of baking'Soda and potassium bisulphate. 

218. Another class of salts is known, in which 
a portion of the base remains in combination with the 
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salt formed by the neutralisation <A an aoid by another 
portdon of the base. They are termed " basic " salts. 
White lead is an example. It consists of lead cart>onate 
combined with lead hydroxide, and is called basic 
carbonate of lead. 



QUESTIONS 

1. Give T«a80DS for ootuidering oarbon to be a non-metaL 

2. Hake & list of aJl the oxides yon know which are eclnble 
in water. What inference may be drawn from the behavioiii of the 
BolutionB thus formed toww^ Utmua ae to the nature of the Bafastaaoe 
which has entered into oombination with oxygen to form tiie oxide T 

3. Why ia sodium bicarbonate called an acid gait ! Is alum 
(potassium aliuuinium sulphate) an aoid salt ? If not, what would 
you call it, since its solution turns blue litmus red T 

4. Suggest methods for the prepffl^ation of the following: 
sodium chloride ; lead chloride ; copper nitrate ; iron sulphate ; 
potassium nitrate ; sodium carbonate. 

6. Classify the following substanceB as binary, ternary, or 
quaternary compounds : tin oxide ; eulphur trioxide ; sodium 
nitrate ; potassium bisulphate ; copper oarbonate ; lead iodide ; 

6. Write down the equations for as many of the reactions whkh 
OQOor in Expwimenta 138, 139, and 140 as you can. 

7. Make a list of ^ the methods of making salts that h&ve b«eo 

mentioned in the text. 

6. If you were supplied with some cauetio soda w^ntaoa and 
some sulphuric a«id, name three substaocee yov oould [sepaie from 

these materials. Give a full desoription of the method you wouU 
adopt in preparing each of the bodies you mention. 

9. 26'4 c,c. of hydrochlorio acid are found to neutralise 20 o.o. 
of a solution of caustic soda. How many c.o. of the alkali will 
nentralise one litre of the acid T 

10. 8 g. of salt are dissolved in 100 g. of water. What weight 
at saK is ocmtained in 26 g. of the solution J 
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CALCULATIONS 







Chapter I. 


Page 20. 


i. 


1-6 mm. 
69-6 m. ; 


42-5 times. 


2. 
4. 


»-ftm. 

2522 hours; 3668 ti 


6. 


28-8 ft. 












Chaptbe II. 


Page i2. 


2. 
S. 


13 sq. ft. 
£5.48. Od 




4. 
6. 


9pieo«i. 
6«. Orf. 


7. 
9. 


26,600. 
1989 tons 




8. 
10. 


416,640 1. 
3- 15 tons 






Chapter III. 


Page 62. 


1. 
3. 
fi. 


106| lb. ; 
4 ft. 
6-68 lb. 


5} lb. 


2. 

4. 
6. 


0-75 ID. 

2117 oz.; 60,803 g. 

411 in. 


7. 


1,865 g. 




9. 


30-9 in. from centre 






Chapter IV. 


Page 69. 


1. 

3. 


Thoftlum 
735 0.0. ; 


liniomoube. 
787-4 0.0. 


2. 
4. 


531 oz. 
0-94. 


5. 
7. 
9. 


1,068 g. 
16,473 0. 
8,179 0.0 


; 7,500 g. 


6. 

8. 


25-2 cm. X 12-6 cm. 

2,250 gals. 



Chapter VI. Page 107. 
2. 1033-6 g. per Bq. cm.; 2,1161b. per sq. ft 
4. 1-024 g.pM 0.0. 6. 1-062. 

6. 24-7 g. 7. 2-59; 1-60. 

8. 66-8 ou. ft 

Chapter VIII. Page 134. 
1. 100ft.-Ib. 
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Chapteb IX. Page 158. 
4. SerC; 29-5='R. 6. 674-8''F.; -SlS-ft' F. 

10. 70-7°O.; -95TC. 11. 288-3 o.c. (at 20°a). 

12. 16-681.; 5-881. 





Chaftbb X. Page 181. 


1. 

3. 
4. 
6. 
8. 

la 


97-l°P. 2. 6-71 Kg. 

ThB meronry; the water. 

28-4= a 5. 0-031. 

40,392 oal t 40-4° 0. 

20-8 g. 9. 25. 

67-8° a 12. 297.108 oaL 




Chapter XII. Page 206. 


1. 

3. 
6. 


124 6 ft. 2. 13.275-3 Kg. 
25,929 caL 4. 455-6 m. 
18-685 Kg. 



Chapter XIII. Page 222. 



Chapteb XIV. Page 249. 
10. 76-74 % nitrogen; 23-26 % oxygen. 
13. 1-2075 g. 

Chapter XVI. Page 279. 
3. 2,708 g. 4. 15-88 g. 

Chapter XVII. Page 305. 
6. 76-45 g. 9. 11-22 o.c. oxygen. 

15. 10-27 Kg. 18. 15-65 g. 

20. 1 ou. ft. Bteam ; 0-5 cu. ft. oxygen. 



Chapter XVIII. Pt^e 316. 
10. l-86g. 
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Absolate scale of tomperatiire, 

166; lero, 156 
Absorption of heat, 106 
Aoowaoy of results, 11 
Acidio oxides, 260, 309 
Aoid salts, 31S 

Acids, action on caibocates, 310, 
metola, 2S6, 287, oiides, 310; 
oliaTaateristia properties, 310; 
ooiTosive action of, 310; for- 
mation of, 309 
Aotnal weight of a body, 95 
Air a bad condaotor of heat, 186 
Air, action on copper, 218, 220; 
iron, 215; magneeinm, 217; 
phosphorus, 211, 213, 216 
Air a nuitnre, 303 
Air, ftni n^a l life dependmt on, 
209; aqneotu vaponr in, 101, 
233 ; combustion dependent on, 
207; oompoaition of, 213, 216, 
220, 222, 241 
Air dissolved in water, 144, 246 
Air, part played in ohemical 
change, 219, combustion, 209; 
presence of carbon dioxide in, 
232( Bi>ecific gravity of, 176 
^Ibali, derivation of name, 259 ; 
characteristic properties of, 
311; corrosive action of, 311; 
reaction with carbon dioxide, 
311 
Ammonia in oil, 241 
Amyl alcohol, 300 
AnalysJs, 262 
Aneroid barometer, 100 
Apparatus, diagrams of, 10 
Aqneons vapour in air, 233 
Are, 23 

Ares, British units, 23; Metric 
units, 23 ; determinatioa with 
balance, 50 



Argon, 222; isolation of, 218; 
volome contained in air, 223 

ArreBtment of balance, 61 

Atmosphere, aqueous vapour in, 
101, 233 

Atmoapberio preeBare, 96; stan- 
dard, 107 

Atom, 262 

Bacteria in air, 241 

BaUng-Boda, 315 

Balanoe, odjuBtm^it of, 56; oare 
of, 65 ; chemical, 60 ; method 
of using, 54; nse in deter- 

Barium dioxide, action of heat on, 
262 

Barometer, aneroid, 100; hall, 
100; meoaurement of height 
with, 101; simple, 96; si^Aon, 
99; standard, 100; use as 
weather-gauge, 101 

Base, 261 

Ba«e, properties of, 311; forma- 
tion o£ 309 

Basic oxides, 260, 309; salts, 316 

Beam of balaace, 60 

Binary compounds, 308 

Body, defimtion of, 43 

Body temperature, maintooanoe 
of, 227 

Boiler, cause of bursting of, 175 

Boiling-point, effect of pressure on, 
144; detiOTmination of, 143 

Boiling-point of aolutiooB, 178 

Bolthead, 230 

Boyle's eiperimmt, 102j Law, 
104, applicaUon of, 106 

Brin's prooeas, 262 

British System, relation of nnits, 
63 ; nnit of length, 2, power, 
121, work, 119 
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BromiiM, oore in haitdling, 74 
BmiBeii cell, 2S3 

Bnrette, 39 ; teeting graduation 
of, 6S; nse of, 313 

CUoinm, Mrtioii on water, 281 

Calcnun oarbonate, 22S; ohloride, 
aa diTing agent, 229, 234, 2S0, 
2B8,296j ozide,225 

Calipers, use of, 16, IT 

CUone, 161; rdation to gnuii- 
eenCimetra, 301 

CUorimeter, 173 

Ouidle, oonstitoHtta of, 224 

Capacity, unita of, 34 

Cmxm, oombiurtiioo in oz jgen, 266 

Carbon dioxide, action on water, 
268 ; dissolved in water, 243, 
246; compofiiiion of, 263; 
specific gravitj of, 177; food 
of plantB, 242 ; fornuttion from 
el^enta, 266; preaeooe in air 
of, 232, 242; in air, eoorces of, 
263 ; in expired air, 233 ; pro- 
daot of dombiifltion, 22, decajr, 
244, [dant life, 243, raepirati<Ht, 
326 

Ourbonic add, 266, 268 

CaflxHi preaetat in food, 227 

CatAljaii, 266 

Oaiutio potaah, absorbent for 
carbon dioxide, 229, 246 

Caustic soda, 269 

Oelnoa so^ of temperature, 147 

Centimetre, 3 

Cmtra <A gravity, 109; of plane 
figure, lOe 

C^itrifug^ force, 47 

Chalk, 226; compocdtimi of, 302 

C%rage 0f c<Joar produced by 
heat, 131; state produoed by 
heat, 130 

Ouries'B Law, 164, ISO 

Chemical action, signa of, 303; 
ohange, 133, 217 

Chemical afaange, produoed by 
heat, 131 

Chemical classification, 306; com- 
bination, 217, 262, heat pro- 
duoed during, 218; decom- 
poaitioD, 262; mergy, 261, 
262; eqnatimis, 217, 262; 



formulae, 262; nomenclature, 
309; Bymbola, 262 
Circle, area by squared paper, 31 ; 
ratio of circumference to dia- 



307 
Clinical thermometra, 149 
Clothes, ohoioe of, 197 
Coal, energy stored ilK 203 
Cobalt chloride, aae lO, 23S 
Cohesion, 73, 77 
Cdlection at gMsa hy d 

disidacement of ait, 2Sft 
Combostion, dependent on aif, 

207 ; iocreaM of weig^ during, 

227 
Compound, 224; distiootion from 



Compounds, binary, 308; olaBoifi- 
oation of, 308; qi ' 
309; ternary, 300 

C<HidenaN', liebig, 269; 



1B6 

Cons, volome of, 37 
Constant Compodtion, Law ol, 301 
Convection currents in gases, 189; 

in liquids, 187 
Copper, actiim of air <», 21S; 

sulphate, anhydrans, 289 
Cotton-wot^ poor heat OMMiiMtor, 

169, 171 
COy meanii^ of formula, 282 
Coiuitorpoising, method of, 67 
Cntioal pressure, 82; ststa, 82; 

temperature, 82 
CrystalUsatiou, 271 ; beat evdved 

during, 273 
Crystola, 314; growth of, 271 
Cube, 33 

Cubical ^lansion by heat, 130 
Cubic ceatunetF«, oomparisoD with 

cubic inch, 34 
CnUo inch, relation to pint, 34 
Curved lines, measurement of, 13, 
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DaltoD's Law, Ifi4, 166 

Daniell cell, 283 

Decametre, 3 

Decanhttion, 277 

Brmaji 244 

Deoinul ajstem of nnmerattoD, 3 

Deoimetre, 3 

Definitions, fonotion of, 61 

Deflagrating spoon, 210 

Degradation of energy, 202, 261 

Draaity, definition of^di 

Dmsily, diBlinotion from specific 

gravity, 65 1 flask, 67 j of a 

gas, 63; of liquids, 66 
Diffuaioii, 78; ot ga«e«, 74, in 

atmoephere, 242 ; of liquids, 76 ; 

of solids, 76 ; (Jirougn porous 

media, 79 
Distillation of water, 266 
Distilled water, aotioa on glass, 

267 ; properties of, 267 
Dividers, oae of, 13 
Downward displacement, aoQec- 

tion by, 2S9 
Dry steam, 172 
Dust in air, 241 

SbnUition, 144 

Eleotrioal ensisy, transformation 
of, 28(1 



Electrolyeie, 286 
Electrolyte, 288 
Elemmt, 224 

Eleinents, olaasifioation of, 307 
Bodothermio reactions, 261 
Energy, 121; chemical, 261; con- 
verdbiUty of, 124, 201, 261, 
200; de^adatioa of, 202, 261 ; 
ezamplee of kinetic, 123, po- 
tential, 122 ; forms of, 124 ; m- 
deotrootibility of, 123 ; kinetic, 
122; potaitial, 122 
Entry of Bxperiments, 8, 12 
Equilibrium, neutral, US; rela- 
tion to position of centre of 
gmvity, 116; stable, 114; un- 
stable, 114 
Ether, heat absorbed daring va- 
porisation, 173 ; nature of, 191 ; 
in using, 173; 
n in, 192 



Ether-waves, magnlttide of, 192 
Eudiometer, 299 

Evaporation, 144,236; todryneas, 
266 

Exothermie reactions, 261 
Eipansiou by lieat, cubical, 126; 

linear, 126; of gaMS, 128; of 

liquids, 127 
Eiplosion, nature of, 290 

Fahrsoheit scale of temperature. 



276 

Filtering materials, 276 

E^tration, 275 

Fire as ventilating agent, 20B 

Fish, respiration of, 248, 249 

Fletcher burner, 281 

Fluid pressure, calculation of, 85; 

equality ia all directions, 87; 

experimental iaferences, 86 ; 

Fluids, 73 

Foot-pound, 119 

Force, definition of, 44; due to 
expansion by heat, 133; of 
gravity, 44, 46, measurement 
of, 46, relation to mass, 46 

Formula, chemical, 262 

Freezing nuxlarea, 180; use of, 
166 

Freezing-point, effect of dissolved 
Bubstaitcea on, 180 

Fu^, constituents of, 226; pro- 
ducts of combustion of, 226 

Folcmm, 49 

FusioD, heat absorbed during, 
166 

Gaseous Combination, I,aw of, 302 
Oases, action of heat on, 204; 
diffusion of, 74; dissolved in 
water, 244, 247, importance of, 
243, 248; expansion by heat, 
128; properties of, 73; re- 
lation of volume to tempera- 
ture, 152 ; specific gravity of, 
177 
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Qndnated ojlinder, 40; TMsda, 
method of reftduig, 40 

Gradnatioll of tb^momMar, 141 

Oiam-oantimetre, Telation to 
oa)ori«, 201 

GraTesBBde'E ball and ring, 126 

Gravitotion,' 44 

QraTity, centre of, 109 

Grarity, universal action of, 
44 

Grinding glass snifaoeB, 84 

Heat absorbed during liqaefaction, 
166, 160, ISO; solution, 234; 
vaporisation, 167 

Heat, abaorptiim of, 196; action 
on gases, 204 

Heat a form of enei^, 126, 133, 
200, 204; a mode of motion, 
204; and temperature, dis- 
tinction botwerai, 
qnantit) ' ' " 
ing, 162 

fleat, change of colour by, 131, 
stAte by, 130 ; chemical change 
produoed by, 131 

Heat evolved during combination, 
218, coadenaation, 172, solidi- 
fication, 166 

Heat, expansion by, 126; inter- 
change of, 146; latent, 166; 
mechajiical equivalent of, 201 

Heat rays, comporiaon with light 



Hectometre, 3 

Hexagon, area of, 27 

Hofmann's voltameter, 283 

Horse-power, 121 

Hot water system of heatii^, 18S 

Hydraulic press, 87 

Eydrooblonc acid, action of heat 
on, 312; care in handling, 76; 
for gas preparation, 286 

Hydrogen, action on copper oxide, 
297, iron oiide, 298; com- 
bustion in air, 282, 284 ; con- 
tained in acids, 313, 316; ax- 
[dosion with oijgen, 291, 300; 
explosive niixture with air, 
286, 290; Uboratoiy prepara- 



tion of, 286; lighter than air, 

282, 286 
Hydrogen peroxide in air, 241 
Hydn^eu, preparation from steam, 
282, water, 280, 283 ; preeent in 
air, 241, foods, 227 ; a product 
of combnation, 288 ; tempera- 
ture of flame of, 288 
Hydrometer, 92; convenient ranges 
for, 93 ; method of reading, 93 ; 
nature of graduation o^ 92 ; 
testing accuracy of, 94 ; use 



lee and salt as freezing mixture, 
166, 180; and water, relation 
between volumes of, 174; oon- 
traotioQ during fusion, 174 

Indestructibility of Energy, 123; 
of Matter, 230, 231 

lugenhaus's apparatus, 184 

Invisible inli, 235 

Iron, action of air on, 216; action 
on steam, 281 ; blaok oxide of, 
260, 283 ; combustion in oxy- 
gen, 269; reduced, 221 

Irregnlar figure, area by squared 
paper, 28; rectilineal figure, 
area of, 27 ; solids, volume by 
displacement of liquids, 40, 41 

Kilc^ram-metre, 119 
Kilogram, relation to pound, 63, 
unit of length, 63; standard. 



Kibwatt, 121 

Kinetio «nergy, 123; examples of, 
123; transformation from po- 
tential, 123; transformation 
into heat, 124 

Kinetic Hypsthesis, 77, IBl; re- 
capitulation, 202 ; applied to 
change of state, 203, expan- 
sion by heat, 203, pressmv 
chimges, 206 



igitized by Google 



196 

Intent heat, 166 
Latent beat oi fuuoa, 166, deter- 
minatioQ of, 169 ; of vapor- 
isation. 168, determination of, 
171 
Latent heata, table oE, 168 
Lavoisier and oijgea, 267 
Lavoisier, volume of oxygen in 



302 

Lead carbonate, bado, 316; lu- 
tiate, preparation of, 313; 
oxide, action of beat on, 2S3 

Length, British etaudard unit, 2; 
Metric standaid unit, 3 

Lengths, estimation of small, 7 

Liebig condenser, 369 

Light, combination accomptutied 
by, 216 

Ligbt rays similar to heat rajs, IM 

Lime, 225 

Lime-water as test for carbon 
dioxide, 223 

Linear oipanaion by heat, 125 

Liquefaction, heat absorbed during, 
16fi 

Liquid air, 304 

Liquids, difbuioa of, 76; expan- 
sion by beat, 127; need for 
lateral support, 73 ; propertiee 

Litre,' 34 






I, 281 



1, 217; 



action 
Magnesium chloride, preparation 

of, 313; nitride, 218; oxide, 218 
Manganese dioxide, action of heat 

□n, 263; as catalytic agent, 

26S 
Manipulation of glass tubing, 138 
Mariotte's Law, 106 
Mass, constancy of, 44 ; deSnltion 

of, 44; equality of, 47; re- 



lation to weight, 46 ; staodaid 

nnita of, 64 
Matter, definition of, 43 
Maximum thermometer, 161 
Measure, nnit, 1 
Measuring vessels, 39 
Mechanical eqaivaleat of heat, 201 
Meniscus, 41 

Mercury, action of heat on, 261 
Metals, good conductors of heat, 

185; general properties of, 307 
Metaphosphoric acid, 267, 266 
Metre, multiples of, 3 ; standard, 

3 ; submultiples of, 3 
Metric System, advantages of, 4, 

24, 36, 53; conversion of units, 

4 ; measures of area, 23, length, 

3, volume, 33 ; origin of, 3 ; 

Brefiim used in, 4 ; relation to 
ritish, 9, 10; relation between 
units, 34, 53 ; unit of heat, 161, 
power, 121, work, 119 

Minimum thermometer, 160 
Hiscibility of liquids, 278 
Mixture distinguished from com- 
pound, 302 
Molecule, 77 

Molecules, freedom of motion of, 
77; kinds of, 262; relative 
size of, 79 
Moment, 60 

Nataral waters, 264 

Neutral equiUbriom, 116 

Neutralisation, 310, 313 

Nentral oxide, 261 

Newton, Sir Isaac, 44 

Nicholson and Carlisle, 2S6 

Nitre, action of heat on, 263 

Nitric acid in air, 241 

Nitrogen, action on magnesium, 
218; boiling-point of, 304; 
dissolved in water, 246 ; separ- 
ation from sir, 211, 213, 213, 
220; volume in air, 222; 
weight in air, 222 

Non-metals, properties of, 307 

Organic compounds, nature of, 308 
Ounce, nse as fluid measore, 40 
Oxidation, 221 
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Oxidation attended bjr gain in 
weight, 229 ; of food, 227 

Oxides, acidic, 309; basic, 309; 
neutrol, 261 

Oij-acide, 312 

OiygoQ, action on iron, 2S9, 
pbosphoroa, 230, 257, aodinm, 
2B7; aa acid -producer, 2&7, 
258; as eupporter of combus- 
tioit, 255, 2S4; boiling-point of, 
304 ; derivation of name, 267 ; 
dissolved in water, 246, 248; 
from air, 260, 262, barium per- 
oxide, 252, red lead, 2E3, 
liquid air, 304, manganese 
dioxide, 263, mercuric oxide, 
131, oiygen mixtiu*, 254, 
potasdum cblorate, 253, potas- 
sium nitrate, 263, water, 283; 
present in air, 216, 242; waste 
[nvduct of plant life. 242 

Ozone, presence in air, 241 

Parallelogram, area of, 26 
Pascal, experiments on atmo- 
spheric pressure, 97 
Peroxide, 261 
Phoiomenon, 76 
Phl<^ton, 264 

Pho^ihoniB, combustion of, 210, 

230. 257 j slow oxidation of, 216 

Phosphorus paitoiide, 216, 224, 

234, 257 
Phosphorus, precautions in using, 

210 
Phydeal change. 132 
n, detenuinatioD of value of, 16, 31 
Pint measure, graduation of. 40 
Pint, relation to cubic inch, 34 
Pipette, 30; method of using, 67 
Pipette, testing accuracy of. 57 
Plants, absorption of carbon di- 
oxide by, 242; excretion of 
oxygen by, 242 
Plasticine, use of, 36 
Platiuiun jet, 266, 288 
Potassium acid lulphate, pre- 
paration of. 314 
Potassium, action on water, 281 
Potassium bisulpbate, 314; car- 
bonate, 229 ; chlorate, action of 
heat on, 263, crystallisation of, 



274. solubility of, 274; ohlo- 
ride, 263 ; hydrog^i sulphate, 
314; hydroxide, action on 
carbon dioxide. 229; nitrite, 
263; nitrate, action of heat 
on, 253 ; sulphate, preparation 
of, 313 

Potential energy, 122 ; examjdes 
of. 122; tAnsfornuttion into 
kinetic. 123 

Pound, distinction between weight 
and moss, 64; relation to 
kilogram, 63 ; standard, 62 

Power. 121; British nnit of, 121; 
Metric unit of, 121 

Precipitate. 226 

Pressure, atmospheric, 96; criti- 
cal, 82; meaaorement of, 83; 
stuidard atmospheric, 107 

Principle of Archimedes, 90; ap- 
plied to gases, 94 ; verification 
of. 89; use of, 90, 91 

Principle of floating bodies, 92 

Principle of Moments, 60 

Purification of water, 266, 268 

Pyknometer, 67 

Pyramid, volume of, 37 

Pyrogallio acid, use of, 246 

Quaternary compound, 309 

Radiant heat, 194 

Radiation, 194 

Bodiation from hot solid, 193 

Radium, energy stored in, 202 
Raising of boUing-point by dis- 
solved substance, 178 
Ramsay burner, 126 
Ramsay, Sir William, 218 
Reading graduated vessels, 40 
R^umar's thermometer scale, 147 
Rectangle, area of. 24 
Rectangular paiallelopiped, 36; 
prism, volume of, 36; slab, 
volume of, 36 
Red lead, aolioD of boat on, 253 
Reduced iron, 221 
Reducing agent, 306 
Reflection of heat rays, 196 
Regular figures, areas of, 24 ; 
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Relative denaty, defintCioD of, SO 
ReBpinitioa of &sb, 248 
RespJTed ur, oarbon dioxide in. 232 
Reaults, degree of accuracy of, 1 1 j 

method of checking, 7 
Retort, tubulated, 286 
RererBiblo reactions, 298 
Basting, conditioDs of, 247, 248 1 

oxygen absorbed in, 216; port 

played by carbon dioxide^ 24S 
Bast, nature of, 217, 248 
Botherford'e thecmometeri, 150, 

ISl 

Saltpetre, action of heat on, 253 

Salts, acid, 316 1 bade, 316; for- 
mation of, 310, 313; reactions 
of, 311, 312 

Sand-batb, 269 

Satmated solution, 272 ; prepara- 
tion of, 271 

Scale of temperstDTe, abaolnte, 
166; Fahrenheit, 147; Ceuti- 
grade, 147; R^umor, 147 



Scale, I 



i of, 6 



Silicic acid, 309 

Silicon dioxide, 309 

Siphon barometer, 90 

Six's thermometer, 161 

Snow, poor conductor of heat, 186 

Sodiiun, action of water on, 280 

Sodium bicarbonate, 31G ; chloride, 

preparation, 313 
Sodium, oDloor of flame of, 281 ; 

combustion in oxygen, 267; 

hydroxide. 268, 269, 281 ; 

hyposulphite, 233 ; peroxide, 

268; precautions in nsing. 267 ; 

salivate, 273 ; thioaulphate, 233 
Solidification, heat evolved during, 

166, 273 
Solids, diffusion of, 76 ; properties 

of, 70, 71 
Solubility, efFect of temperature 

on, 271 ; method of testing, 278 
Solubility of liquids, 278 
Soiable and insoluble sabstances, 

method of separation, 276 
Solution, heat absorbed during, 

180, 233; preparatioa of satn- 



lex 326 

rated, 271 ; removal of gasea 
from, 246; saturated, 272; 
superaBtuiatcd, 272 

Solutions, boiling-point of, 178; 
freezing-point of, ISO 

Soot in air, 241 

Specific gravities, table of, 68; 
gravity, definition of, 66, dis- 
tinction from density, 65 

Specific gravity of irregular solids, 
90; liquids, 91; milk, 04 

Specific heat, 162; calculations 
involving, 163 

Specific heats, table of, 163 

Sphere, volume of, 37 

Spring-balance, 46 

Square centimetre, relation to 
square inch, 27; decimetre, com- 
parison with square foot, 22 

Squared paper, testing accuraoy 
of, 31 ; use in curve plotting, 
236; Dseinestimatingateas,^ 

Stability, degrees of, 114; re- 
lation to the centre of gravity, 
113 

Stable eqailibrinm, 114 

Standard nmts, 2 

States of matter, intermediate 
forms. 81 

Steam, action on iron, 281, mag- 
nesium, 281 ; composition of, 
300 ; constant temperature of, 
168, 179; pressure when con- 
fined, 176 

Steam-ttap, 171 

Steam, volume compared with 
that of water, 61 

Steelyard, method of graduation, 
61 i principle of, 61; weights 
tor, 61 

Still. 270 

Straight lines, measorement of, 6 

Substance, definition of, 43 

Snlpbor, combustion in oxygen, 256 

Sulphnr dioxide, action on water, 
268; preparation of, 256; pre- 
sence in air, 241 

Sulphuretted hydrogen, presence 
m air, 241 

Sulphnric acid, 258 ; use as drying 
agent, 240, 296 

Suli^uroDS acid, 266, 268 
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Bnlphiu trioiide, 256 
BapeTMtiirated solution, 272, 273 
Symbol, 262 

SjnthesiB, 262 

Table of Utent heats, ISB ; 
specific graritiea, 68: specific 
bests, 163 

Tape-meoBure, diBRdTOntsget o^ 6 

Te^'Oosy, reosoD for use of, 186 

Tomperatnre, abeotate scaje of, 
156; distinotiiw from heat, 
169; oridoiJ,82; definition of. 
146; maintenance of bod J, 227 

TentaT7 oomponiids, 309 

ThMuud o»pMitT, 162 

Thermometer, 136; Clinical, 149; 
oonatmotioQ of, 137; deter- 
miu»^(ai of fixed pcunts im, 
146; gradnation of, 141; mozi- 
mnm, lEtj method of filling, 
139, settling, 140; miitimum. 
160, ISl; readings, change of 
scale of, 147; rise of zero, 
142; scales used for, 147 ; 
Six's, 161 



Thermos flask, 186 
ToTriosUi, 98 
Torrioelliao vaoonm, 99 
Transference of heat, conditions of, 

148 
Transformations of energy, 123, 

261, 286, 290 
Tronsmissioii of heat through 

fluids, 187; solids, 183; space, 



Triangle, area of, 2S 

Unit of heat, 161 
Unit measure, 1 
Unite, standajil, 2 
Unstable equilibrium. 
UpthiuBt, 8fi, 86 
U-tnbe barometer. 



Vocnnm a bod couduotor of beat, 

186 
Taporisation, eSect of air-currents 



on, 173; heat absorbed during, 

167, 237 ; latent heat of, 168 
Vapour, definition of, 106 
Ventilation of coal-mines, 190; of 

living-room, 100 
Vernier, principle of, 19; simide, 

18 
Vision, stimolatiou hy ether waves. 



Walla, method of strengtbenii^, 
133 

Water, a bad conductor of heat, 
186; a compound, 303; action 
on calcium, 281, copper, 2B1, 
glass, 267, iron, 247, 281, mag- 
nesium, 281, potassium, 281, 
sodium, 280; analysis of , 283 ; 
and ice, relation betweoi vol- 
umes of, 174; and steam, 
relation between volumes ol, 
176; as a standaid snbstaitoe, 
66; -bath, 266; behavionr 
when cooled, 293, heated, 143 ; 
cbaractenstic properties of, 
291, 294; chemical test for, 
289 ; oompositioa bj volume. 
2BB, 298, 299, weight, 294, 298; 
distjnction from its elements, 
224; dissolved gases in, 144; 
distillation of. 266 ; -equivalent, 
164 ; expansion during solMifi- 
catioD, 174j high specific heat 
of, 161 ; anomuons expansion 
of, 292; importaaoe of dis- 
solved gases in, 243 ; maximum 
density of, 293; -pipes, canse 
of bursting, 174; prodnot of 
combustion, 223, 288, of neu- 
tralisation, 310, of respiration, 
226; solids dissolved lo, 266; 
solubility of liquids in, 278; 
synthesis of, 294 ; vaponr in 
■'■ """ * of, 239, 
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Weighing-machitie, 60 Work, British uait of, 119 

Weight a meaBore of mass, 4S Work done against force, 120; b; 

Weight, Britisli standard unit, 62 ; force, 119 

oansea of vu^ation of, 47i Work, measurement of, 118; Me- 
definition of, 46 ; Metric Stan- trio unit of, 110 

daid unit of, 53 ; actual, 99 ; Worm-condenser, 26B 
relation between mass and, 46, 

volume and, 63 

British system, 53; 
J of, 47 ; Metric table 

J usual cont«nts of box Zero, use before fractions at units, 
of, 54 12 

Wet and dry bulb hygrometer, 237 Zinc chloride, preparation of, 2S6 
White lead, 316 



equality o 
of, 63; UH 
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